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TRANSACTIONS

ROYAL IRISH ACADEMY.

J.—On Galvanometric Deflections producible by Attrition and Contact of Metals

under certain circumstances. By Michael Donovan, Esq., M. B. T.A.

Head Jaouary 8, 22, and February 12, 1849.

It is known that under certain circumstances of temperature some metals

-when connected with a galvanometer, and brought into contact with each other,

produce a deflection of the magnetic needle, which will appear to be reversed

when, instead of contact, attrition is employed.

Such facts have given rise to much difference of opinion, and, as I conceive,

to much misapprehension both of the phenomena and their cause. Professor

Erman of Berlin, who had devoted his attention to the subject, thus sums up

the opinions current upon it:
—

" Some observers, who appeal to the authority of

Mr. Emmet, express what they consider to be the law of this action, by saying

that thermo-electricity of contact is changed invariably into the opposite state by

the friction of the metallic factors. Others, on the contrary, deny in toto the

influence of friction on thermo-electric phenomena. Thus it was recently

adverted to in a scientific journal as a highly paradoxical fact that, in a

given case, the friction had caused a change of sign in the thermo-electric decli-

nation produced by the contact of two heterogeneous metals, but, at the same

time, this ' unheard-of fact, as it was called, was explained by supposing, gra-

tuitously, that the friction had been effected whilst keeping the metal to be
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4 Mr. Donovan on Galvanometric Deflections

rubbed in the naked hand, and in thus producing an accidental change of tem-

peratui-e. This explanation was offered on the assumption that friction in itself

is not capable of producing any effect. Between the two extremes of tribo-

thermo-electric omnipotence and nullity, I have tried to discover the middle

course of truth."

Professor Erman then delivers his own opinion, and the facts from which

he has deduced it:
—" A bar of bismuth was joined to that branch of the rheo-

phore of this instrument (the galvanometer) where the silver of a voltaic

element (silver and zinc) produces an eastern deviation ; and a bar of antimony

to the other branch of the rheophore. Both of these bars were provided with

handles, so that they could be employed without undergoing any change of

temperature in the manipulation. When, through these being stationed in the

same room, the two bars had previously arrived at the temperature of the sur-

rounding space, no deviation whatsoever was produced by their contact, but the

slightest friction of either of them against the other gave immediately an eastern

deviation. This latter extended even to an entire revolution of the needle in the

same direction, if the friction proceeded rather more rapidly. By gently raising

the temperature of the two bars to 30° or 3.5°ofReaum., scale (100° or lll°Fahr.),

their contact in a state of repose always produced a stationary eastern deviation

of about 30°, which by rubbing was further increased to 60°, and there likewise

remained invariable as long as friction continued. At length, when I cooled

the bars below the temperature of the room, by the evaporation of naphtha

vitrioli (sulphuric ether), their contact continually produced a western deviation,

which by rubbing was instantaneously changed into a contrary or eastern one

of apparently the same amount as before, and this likewise remained stationary

as long as the friction continued; but, by the interruption of it the western

deviation was immediately restored. This simple sketch of the phenomena of

changes of intensity or even of sign, which friction, at the point of contact,

gives to the deviation of a multiplicator's needle, will already suffice to exhibit

it as a mere consequence of the heat produced by the action of rubbing."*

Professor Erman, in alluding to the difficulty of investigations of this kind,

and, as he expresses it, " the arduous nature of the observations required,"

• Report of Fifteenth Meeting of British Association, June, 1845, p. 103.
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informs us of the many errors into which he was led by the action of the rheo-

phores, with which the communication between the metals experimented on

and the galvanometer coil was established, heterogeneous as these metals and

the wires must often be. He had hoped that the specific action of the rheo-

phores " on the thermo-electric elements could be neglected, and that therefore

the observed deviation might be assumed to result only from the temperature,

or from the friction of the thermo-electric couple. A course of rather tedious

experiments have shown me that this supposition is most erroneous, and utterly

deceptive, when applied to refined investigations and highly susceptible instru-

ments. A multitude of contradictory and incoherent facts accumulated them-

selves like a chaos, before I arrived at this source of error." " A voluminous

journal of attempts was multiplied by the unexpected thermo-electric influence

of the rheophores destroying its value."

For my own part, I can fully appreciate the difficulties and incoherent results

which obstructed Professor Erman's progress in this obscure investigation. The
same, along with many others, had bewildered me ; and to such an extent that

I more than once contemplated the abandonment of the subject.

The adoption of new methods and the performance of multiplied experi-

ments have given me some confidence in the statements which here follow,

although they by no means correspond with results that have been published

by other investigators.

It is convenient, in the first place, to state the conclusions to which my
experiments have led me, and which I have called Laws for want of a more

appropriate term. But I am aware that they should be the proved expression

of a far greater number of accordant facts than I have been able to elicit before

they can in strictness be admitted as the general laws which determine the

deflections of the magnetic needle when under the influence developed by the

attrition or thermo-contact of dissimilar metals.

Law I. The agent which causes the deflection of the galvanometer needle

may be brought into action either by contact with each other at unequal tem-

peratures of certain metals, metallic ores, or some forms of carbon ; or by their

attrition against each other, whether at equal or unequal temperatures.

Law II. When two different metals,* and sometimes two separated masses

* To avoid perplexity I omit ores and carbon, although they are subject to many of the law;^.



(5 Mr. Donovan 07i Galvanometric Deflections

of the same metal, are rubbed against each other, deflection will result, the

degree of which will vary with tlie metals or metal employed, and to a certain

extent with the force and rapidity of attrition. This deflection will take place

in air, or under the surface of mercury, or of aqueous, oily, ethereal, or alcoholic

liquids.

Law III. When two diff'erent metals, and sometimes two separated m-asses

of the same metal, are brought in contact, at unequal temperatures, deflection

will generally take place, the degree being determined by the nature of the

metals or metal, and the difference of the temperatures at which the contact is

effected.

Law IV. If two different metals be at the same temperature through-

out their mass, whether it be high, low, or mean, contact will not produce

deflection.

Law V. 1. Sometimes the deflective energy developed by attrition, at

unequal temperatures, is more effective than that produced by contact, when

the temperatures are in a state of inequality to the same amount as that at

which attrition took place.

2. And sometimes the deflective energy of two metals in contact, at unequal

temperatures, is more effective than that developed by their attrition when their

temperatures are in a state of inequality to the same amount. The result 2

is of less frequent occurrence than 1.

Law VI. When two metals, at luiequal temperatures, produce deflection

on the same side of the magnetic meridian, both by their attrition and contact

;

while if their temperatures be equal, their attrition causes deflection on the

opposite side of the magnetic meridian ; it is a consequence that the deflection

caused by attrition or contact of the metals, while their temperature is ade-

quately unequal, will change to the opposite side of the magnetic meridian if

attrition be employed during the period of their near approach to and arrival

at equality of temperature.

Law VII. If the deflections be all on the same side of the magnetic meri-

dian which are produced, first, by the contact or attrition of two metals at

unequal temperatures, and, second, by their attrition at equal temperatures

;

then it is but another mode of expression to say that there can be no such

reversal as in Law vi.
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Law VIII. Whether these deflections will take place on the eastern or

western side of the magnetic meridian will be determined by the relative tem-

peratures at which contact or attrition of the metals lias been effected ; and by

the peculiar influence of the metal that is placed in connexion with each

extremity of the coil of the galvanometer.

Law IX. The condition necessary to the production of deflection, by con-

tact of two different metals, is tliat heat sliall be at that moment entering or

leaving one of them ; or that heat shall be unequally entering or unequally

leaving both of them ; no matter whether the inequality depend on difference

of supply, of conduction, or of capacity; or on unequal diffusion of heat arising

from difference of mass of the metals ; or on more than one, or all of these

causes conjointly. The deflection, caused by the unequal entrance of heat into

metals in contact, will be on the side of the magnetic meridian opposite to that

on which it would be if heat were leaving them unequally.

Law X. The form of the metal influences its effects: rods and rings for

the most part act differently from hemispherical masses. If a metal rod be

heated at one end, and applied or rubbed to a rod of a different metal at a

much lower temperature, the former will most generally be thrown into a state

of polarity, each end being capable of producing deflection opposite to that

which the other end produces: the latter rod when similarly treated will evince

a contrary polarity. Either rod will reverse the deflections mentioned if its

other end be the sole heated one. But the application of an equal and ade-

quate heat to the whole extent of a rod will cause it, in the case of some metals,

not only to lose its polarity, but even the power of producing deflection, the

needle remaining at zero ; and in other cases, although the polarity will be

destroyed, the rod will act in the same manner and with the same energy, with

regard to producing deflection, as a hemispherical mass would have done at

the same temperature. In many cases the polarity may be destroyed, and all

efiect of that metal rendered null, by the nice adjustment of the relative por-

tions of the rod heated and not heated.

Law XL If two rods of diSerent metals, properly connected with the gal-

vanometer, be placed in contact with each other at one point ; and if a corre-

sponding small portion of each be subjected, at the point of contact, to an equal

and adequate temperature, above or below that of their respective remainders,

they will produce deflection on the side of the magnetic meridian opposite to
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that on which the deflection would have temporarily taken place, had the me-

tals been, throughout their mass, exposed to that temperature. If the portions

of the metals acted on be raised above the temperature of their remainders,

the deflection will be on the side of the magnetic meridian opposite to what

it would have been had these parts been reduced to a temperature below that

of their- remainders.

Law XII. The deflection produced by thermo-contact or attrition will be

always reversed when the exciting metals connected with the extremities of the

galvanometer coil are transposed.

Law XIII. When deflection is produced in consequence of the attrition or

contact of two metals, one of which is hotter than the other, the deflection will

in many cases change to the opposite side of the magnetic meridian if the

hotter metal be adequately cooled, and the cooler metal be adequately heated,

the contact or attrition being renewed. Any two metals which, when asso-

ciated, comport themselves in this manner may fail to do so when differently

associated.

Law XIV. The deflection produced by the mutual attrition of any parti-

cular pair of metals will take place at all temperatures of these metals on the

same side of the magnetic meridian, provided that the temperature is equal or

nearly equal in both. As this direction of the needle is always the result of

the attrition of these particular metals, when they are in their ordinary state of

equality of temperature, it may be conveniently called the natural deflection of

any pair of metals.

Law XV. The deflection caused by chemical action of a menstruum on

two associated metals has no observable dependence on, or connexion with,

that produced by thermo-contact or attrition of these metals.

Law XVI. The agent developed by the attrition of two metals, even when

rapid, forcible, and long continued, does not manifest any decomposing influence

on chemical compounds. It is not conducted by aqueous liquids, even when

containing saline impregnations.

To these sixteen laws, in the expression of which the language of hypothe-

sis has been avoided, I conceive may be referred the whole of the complicated

phenomena which thermo-contact and attrition of metals and other substances

produce ; at least as far as researches have yet disclosed.

In the following statements, when reference is made to the galvanometer,
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I use the terms " zinc side" and " silver side." When it is mentioned that any

process was effected at the zinc side, it means that the substance concerned was

connected with that end of the galvanometer coil, which, if in communication

with the zinc element of a voltaic combination of zinc, silver, and dilute sul-

phuric acid, would cause that end of the upper bar of the compound, or astatic

needle, which naturally points to the north, to tui-n towards the west. The silver

side, therefore, means the end of the coil which, with that same deflection,

would be in connexion with the silver element of such a combination.

When eastern or western deflection is mentioned, it signifies that the end of

the upper bar of tlie compound needle, which naturally points to the north, has

moved in these directions. For many of the experiments described a galvano-

meter of extreme susceptibility is required, in order that the results may be

unequivocal. I have described one in the Transactions of the Royal Irish

Academy, Vol. xxu., Part 3, which answers perfectly, and it was used in these

experiments.

In most of the following experiments the metals to be tried were formed

into hemispheres, the flat faces of which were polished : they were of an inch and

quarter diameter across the flat circular face ; the round back of each had a neck

to which the rheophore wire was firmly fixed ; and each hemisphere was attached

by its neck to a wooden handle. The rheophore wire was generally of silvered

copper nearly as thin as a human hair ; for by this contrivance the portion at-

tached to the neck of the hemisphere always maintained the temperature of the

neck itself ; hence, by Law iv., the contact of the neck and rheophore did not

develope any deflecting agency, and there was no interference with the indica-

tions of the hemispheres experimented on. These extremely fine rheophore

wires are only fitted for metals which act on each other with a certain intensity

;

when the deflecting power of the metals is weak, the rheophore must consist

of a somewhat thicker wire ; but even such wire, when connected with the

hemispheres, does not interfere with the deflections. In the case of platinum,

palladium, and gold, I made use of thin plates of these metals fastened to

wooden handles. Such handles are indispensable, because, if the metallic hemi-

spheres, or plates, were held in the hand, their temperature would be interfered

with, and erroneous results obtained.

The means made use of for bringing the hemispheres to any required tem-

VOL. xxui. c
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perature, or to an equality of temperature, were to immerse them in water,

whether hot or cold. The necessary cold was sometimes attained by keeping

masses of ice in the water. To produce equality of temperature in this man-

ner is not so easy as might be imagined—so small is the difference that will

give evidence of its existence. If ice be used, different parts of the water will

be at temperatures not exactly the same. Even when the water is hot, the

vessel, or tlie thick parts of it, will vary ; and by contact the metallic hemis-

phere may participate in the difference, or the wooden handles may defend

parts of the metal. The best way is to allow the hemispheres and handles to

remain an adequate time in the water, using almost constant agitation, until

centrally and externally they be of the same temperature as the water.

I have sometimes used the expression " adequately hot," or " adequately

cold," to signify that decided effects can only be produced by a considerable

difference of temperature. In a few instances I found that the hemispheres acted

better when their flat faces were wet ; and this does not alter their indications.

Instances occur in which the deflective energy of the metals is so feeble that

attrition, effected by the hemispheres held in the hands, is inadequate ; in such

cases I had recourse to a piece of revolving machinery, which will be described

hereafter, and thus the metals were made to rub against each other with the

greatest rapidity. I now proceed to explain and amplify these different Laws.

Laws I., II., III. On the first, second and third Laws, there is little to re-

mark. It is not metals alone that exhibit the phenomena ; many of their ores

exhibit the same powers, but generally with less energy. Newly burnt box-

wood charcoal, rubbed against a revolving plate of bismuth, acted on the gal-

vanometer so energetically, that the needle traversed the whole circle with

vivacity. That peculiar carbon, also, which is deposited on the interior of iron

gas retorts long in use, acts as a metal. Either of these forms of carbon com-

ports itself with bismuth, in all respects, like antimony, with regard to the

direction of the needle, when acted upon by thermo-contact, or attrition. Gra-

phite also acts similarly.

In appreciating the effect of temperature on an associated pair of different

metals, which produce deflection by contact, it has been supposed by Erman

that the temperature of the surrounding atmosphere is the standard at which

no deflection would be produced by contact, and that by raising or lowering
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the temperature equally in both metals above or below that standard, the de-

flection would take place. There is in this proposition more than those who

rely on it are perhaps aware of, as will be shown under the consideration of the

fourth Law. For tlie present it is only necessary to observe, in support of Law
in., that the temperature of the surrounding media has no connexion with the

subject ; that the cause of deflection is difference* of temperature between the

two metals, and not its elevation above, or depression below, that of the air.

Thus, when the temperature of the air was 60', a pair of bismuth and antimony

would produce deflections, whether one of the metals was at 30°, 60°, or 100°,

the other being 212°. The deflection of greatest amount is produced by the

greatest diflerence of temperature.

Law IV. I have verified this Law in the case of gold, platinum, palladium,

silver, copper, brass, German silver, nickel, zinc, cadmium, tin, lead, antimony,

arsenic, iron, bismuth, and mercury. Hemispheres, or plates, of the first six-

teen of these metals, mounted with capillary rheophores and wooden handles,

in the manner already described, were left in pairs, lying near each other for

some hours, so that they all assumed the same temperature. By bringing the

metals of each pair into contact, taking care to avoid friction, there was not the

slightest deflection of the galvanometer with which they were connected. The

trials were made at difierent temperatures of the air, between 36° and 70°.

They were also made at temperatures varying from 70° to 212°, in which case

the method adopted was to place the two hemispheres in a vessel of water, of

the required heat, at a little distance from each other: the chemical action of

the water on the metals caused deflection ; when it was judged that both were

at the same temperature they were brought into contact ; the needle came to

zero, all deflection being at an end. In these experiments the rheophore wires

must be of the greatest tenuity, for reasons that will hereafter appear under

consideration of Law ix.

This statement difiers from that of Eeman, in which he informs us, that

having equally heated a bar of bismuth, and another of antimony, to 100° or

lir Fahr., their contact produced 30° of eastern deflection; and also from his

experiment, in which, by equal reduction of the temperature of both bars, their

* The term is here used for sake of brevity : under consideration of Law ix. the exact meaning

will appear.

c 2
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contact caused western deflection. I conceive that Professor Erman was

misled in these two cases by a circumstance which shall be hereafter noticed.

It is obvious that, in my trials, the rheophores could not have caused any

interference ; for they were maintained at the same temperature as the hemi-

spheres or plates by being exposed to the same atmosphere or the same water,

and the incapability of the hemispheres to cause deflection proves equally that

of the rheophores when at the same degree of heat.

Law V. The first part of this Law (marked 1) may be proved by many

examples. If a hemisphere of antimony and one of nickel, one cold, the other

hot, be brought into contact, the deflection will scarcely exceed 5^, but attrition

will send the needle perhaps 60°. The same observation may be made of

German silver associated with iron. Many other metals might be instanced.

The Law also holds good with regard to that peculiar kind of carbon which is

deposited in the interior of old gas retorts : if a large mass of this, which has

been long heated in boiling water, be brought in contact with a piece of cold

bismuth, a deflection of about 35° will be produced, but attrition will cause the

needle to start ofl" 20° or .30° farther.

The second part of theLaw (marked 2) is thus exemplified : when adequately

hot bismuth (as 200°) is on the zinc side, and antimony (below 50°) on the

silver side, if the metals, without being allowed to remain in contact a moment,

are at once made to rub against each other at the instant of their first applica-

tion, there will be a certain amount of eastern deflection ; and the needle,

having attained its maximum, will remain stationary. But let the attrition be

discontinued, and the contact maintained ; it will be found that the needle will

proceed still more eastward than before, perhaps to the extent of an additional

20° or 30°, proving that, in this case, contact was more powerful than attrition,

both being effected at the same temperatures. Eenewed attrition will then

suddenly reduce the deflection, because the two metals are now somewhat

nearer to equality of temperature ; contact will again increase it ; and this

alternation may sometimes be effected several times before the temperatures

are equalized. It thus appears that the effect of attrition is not to be viewed

as the mere result of simple contact.

Laws VI., VII., VIII. These Laws include facts which appear to me to have

been misunderstood. As an example, let a hemisphere of bismuth, with its
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•wooden handle, be connected with the zinc side of the galvanometer ; and a

hemisphere of antimony with the silver side. Both metals being at the tem-

perature of tlie air, their natural deflection when rubbed together would be

western. If the bismuth be now tliorouglily heated by being plunged in boil-

ing water, on withdrawing it, and bringing it in contact with the cold antimony,

the needle will move eastward ; and while it is thus moving, if the two metals

be rubbed together, the eastward motion, far from being interrupted, will con-

tinue until the needle reach perhaps 90". If the attrition be continued, the

needle will very slowly pass to zero ; and, having reached it, will move on

perhaps to 80° west, not very far from which it will remain while attrition is

continued.

Law VI. The experiment will succeed in a very striking manner with the

revolving apparatus hereafter to be described.

The circumstance that during attrition the needle passes from east to west

(a change which obtains equally in the case of many other associations of metals)

has given origin to the belief that attrition always reverses the deflection pro-

duced by thermo-contact, and that such reversal is a counteracting effect of the

influence of attrition, as such, on that of contact. It is proper to state, at full

length, grounds of dissent from this opinion.

In the instance under consideration, the effect of bringing hot bismuth in

contact with cold antimony, as above mentioned, is to produce eastern deflection.

If, after the contact has continued a moment or two, the metals be moderately

rubbed together, the deflection, instead of being reversed, as a peculiar effect of

attrition, is continued in the same direction as at first ; at least this is true while

there is considerable inequality of temperature between the metals, and more so

when cadmium is substituted for antimony. But in the progress of rubbing,

the bismuth is reduced in temperature by imparting heat to the antimony: the

two metals are brought so near equality, one by parting with heat, and the

other by receiving it, that, in conformity with Law xiv., the natural deflection

begins to take place, which, when the two metals are respectively stationed at

the above-mentioned ends of the coil, is western : hence there is a change of

direction from east to west. (Law vi.)

In accordance with this view, it will be found that the smaller and fewer

are the touching points of the two metals applied to each other, the greater
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will be the eastern deflection, and the more slowly will the needle come round

to the west ; because, in that case, the bismuth points, abundantly suppUed

from the mass, do not lose, and the antimony does not gain heat rapidly.

When the rubbing surface of the antimony is very small, as a fine point,

there may be no eastern deflection, because the point immediately assumes

nearly the same temperature as the hot mass of bismuth, before the inertia of

the needle can be overcome by the tendency to eastern deflection. If the sur-

face of the antimony be relatively very large, and the mass considerable, the

east deflection is trifling, and the inversion rapid ; for the small surface of bis-

muth is almost immediately cooled nearly to the temperature of the antimony.

If the bismuth, at a low heat, be rubbed against the cold antimony, there will

be no eastern deflection ; and therefore there can be no reversal: the deflection

natural to the metals prevails, because the difference of temperature is not ade-

quate to overcome that tendency : and hence the needle at once moves to the

west.

Thus in such cases, and there are many, attrition, instead of reversing the

deflection caused by thermo-contact, induces and continues a deflection in the

same direction, provided the temperature of the heated metal be adequate, and

maintained. Attrition has nothing to do with the reversal, until, by gradually

equalizing the temperature of the metals, it permits another Law (xiv.) to

come into operation, which, it so happens, has a contrary effect to that of unequal

temperature. In fact, attrition, in this case, instead oi causing a reversal of deflec-

tion, induced by thermo-contact, merely permits by its continuance a restoration

of a deflective tendency natural to these metals when rubbed against each other,

their temperatures being at the time equal, or not very different. Even when

the temperatures are very different, they may not be adequately so: there are

instances wherein the natural deflective tendency is so strong that it will pre-

vail. Thus when bismuth and arsenic sufi'er attrition against each other, unless

the former be 212°, and the latter below 50', the eastern deflection will not be

produced.

Generally, the deflective energy developed by attrition of two metals, at

very unequal temperatures, transcends and therefore overpowers the opposite

deflecting energy which is produced by attrition of the metals when there is

very little or no difference between their temperatures. But in proportion as
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the inequality of temperature diminishes, the effect of attrition becomes more
effectual in producing the natural deflection on the opposite side of the magnetic

meridian, which iu some instances is very powerful.

Numerous cases range themselves under this class of phenomena, in which
the direction of the needle is thus suffered to reverse itselfby attrition. Instead

of being examples of an active reversal, they are in fact so many instances

opposing the alleged universality of this effect of attrition.

In the foregoing experiments I used the hemispheres already described.

In order to obviate any doubt concerning the interference of the rheophores,

or the shape of the metals employed, the experiments were varied by laying

aside the hemispheres, and substituting rods of the two metals, connected with

the binding screws by means of capillary copper wire. The bismuth rod, con-

nected with the zinc side of the galvanometer, was totally immersed in hot

water, along with that part of the copper wire which was attached to one of

its extremities: the antimony rod, on the silver side, lay on the table at the

temperature of the air. The end of the bismuth rod, namely, that end which
was not connected with the copper wire, was raised about an eighth of an inch

out of the water, by its wooden handle, and the antimony rod, held also by its

wooden handle, was instantly rubbed against the extremity of the bismuth; there

was immediate eastern deflection. From the nature of the experiment, the only

way in which both metals could now be brought to the same temperature, and
the direction of the deflection changed to the natiu-al state (Law xiv.), was to

plunge both iuto the water, the attrition being still continued. This done, the

needle speedily went round many degrees to the west permanently.

In this trial, the point of junction of the rheophore wire with the bismuth
rod was submerged in hot water ; and the other rheophore required no artifi-

cial means to maintain it at the same temperature as the antimony rod, because
both were exposed in the open air. Thus the temperature of each rheophore
and its rod being equal in the respective cases (Law iv.), there could be no
interference of the rheophores in the deflections produced by the attrition of the

metals.

As the Law (vii.) which these trials were intended to illustrate is impor-
tant to the explanation of several phenomena, I varied the experiment in the
following manner, in order to discover whether mass, or mode of attrition, has
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auy influence in the resiilt. A wooden wheel four inches diameter, shod with

a rinw of bismuth weighing twelve ounces, was fixed on the axle of the revolv-

ing machine hereafter to be described.

In revolving, the bismuth rubbed against the end of a cylinder of antimony,

and both the metals were connected with the galvanometer by capillary copper

wires, one of which was so contrived that it did not suffer by twisting as the

wheel revolved. The ring of bismuth, connected by its rheophore with the

zinc side of the galvanometer, was equally heated by a spirit lamp, while in

motion, its flat periphery being made to rub against the antimony. The needle

instantly moved to the east ; but as the motion of the wheel was continued, the

needle came round slowly to the west, and stood permanently at 65°, when the

antimony became heated nearly to the same degree as the bismuth. One of the

rlieophores, being bedded in the substance of the bismuth ring, must have been

at the same temperature as the bismuth: the other rheophore and the antimony

were similarly circumstanced. Here everything coincided with former trials.

The next step in the inquiry was to make corresponding experiments with

various other associations of metals and alloys, in order to discover whether

their habitudes resemble those of bismuth and antimony.

The following is a list of some metals which agree. Sometimes the revolv-

inof wheel was used, sometimes hemispheres, and sometimes plates:

—

Bismuth with antimony.

Bismuth with lead.

Bismuth with tin.

Bismuth with iron.

Bismuth with copper.

Bismuth with German silver.

Bismuth with nickel.

Bismuth with silver.

Bismuth with gold.

Bismuth with platinum.

Bismuth with palladium.

Bismuth with hard amalgam of

zinc and mercury.

Bismuth with cadmium.

Bismuth with arsenic.

Nickel with brass.

Nickel with lead.

Nickel with iron,

German silver with tin.

On the collocation of the metals in the foregoing Table many particulars

depend, which may be thus classified:

—

1. If the first-named metal of each pair be connected with the zinc side of
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the galvanometer ; and the second with the silver side ; and if the two metals,

at the same temperature, be rubbed against each other, the deflection will in all

cases be west of tlie magnetic meridian.

2. If the first-named metal, being on the zinc side, be adequately and equally

heated throughout its mass, while the second, on the silver side, is adequately

cooled, either contact or attrition will cause eastern deflection.

3. If the first-named metal on the zinc side be adequately cooled, and tlie

second on the silver side be adequately heated, either contact or attrition will

cause western deflection.

4. The converse of the foregoing propositions is, that if the second-named

metal be connected with the zinc side of the galvanometer, and the first with

the silver side, attrition against each other, provided they are at the same tem-

perature, will cause eastern deflection.

5. If the second-named metal on the zinc side be heated, and the first on

the silver side be cold, either contact or attrition will cause eastern deflection.

6. And if the second-named metal on the zmc side be cold, and the first

on the silver side be heated, contact or attrition will cause western deflection.

From this arrangement of metals and effects, we can deduce the results of

attrition and thermo-contact of any particular pair, mentioned in the foregoing

list, by the aid of the following paradigm. Let bismuth and antimony be taken

as the representatives of any other pair placed in the same order in relation

to each other as in the foregoing list.

A. Bismuth on the zinc side, antimony on the silver side.

1. The attrition of the two metals when at the same temperature will give

western deflection.

2. When the bismuth is hot and the antimony cold, either contact or attri-

tion will give eastern deflection.

3. When the bismuth is cold and the antimony hot, either contact or attri-

tion will give western deflection.

B. Antimony on the zinc side, bismuth on the silver side.

4. Attrition of the metals when at the same temperature, will give eastern

deflection.

5. When the antimony is hot and the bismuth cold, contact or attrition

will cause eastern deflection.

VOL. XXHI. D
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6. When the antimony is cold and the bismuth hot, contact or attrition

will cause western deflection.

From this statement it is plain that if the foregoing six conditions were laid

down for all the associated pairs, that one marked 2 would in each case permit

the needle to pass from east to west by continued attrition ; and that one

marked 6 would allow it to change from west to east by the same treatment.

In all these instances the reversal would, as already explained, be simulated;

that is, it would happen merely in consequence of the cooling of the metal to

so low a degree as to remove it from the operation of the law under which that

deflection had been produced : it would be a passive not an active reversal

(Law VI. ) ; and would not arise from any direct opposition of properties between

contact and attrition.

It is obvious that the foregoing paradigm can only apply to the associated

pairs of metals when in each case they are placed relatively to each other as in

the list. The six conditions apply, for instance, to bismuth and antimony, but

not to antimony and bismuth : were the order antimony and bismuth, and so in

the rest, the conditions of simulated reversal would be those marked 3 and 5, in-

stead of 2 and 6. But other associations may be formed which comport them-

selves differently from those in the preceding list: in order to make them agree

with conditions 2 and 6, they must be arranged at the ends of the coil in the order

given in the following examples, and the temperatures must be reversed.

Lead with antimony.

Tin with antimony.

Tin with iron.

Silver with antimony.

German silver with antimony.

Platinum with antimony.

Copper with antimony.

Copper with iron.

Brass with antimony.

Arsenic with antimony.

German silver with arsenic.

Copper with cadmium.

1. When the first-named metal of each associated pair is on the zinc side,

and both are at the same temperature, attrition gives western deflection.

2. If the first-named metal, being on the zinc side, be cold, the other hot,

the deflection by contact or attrition is east.

3. If the first-named metal on the zinc side be hot, the other cold, contact

or attrition gives west deflection.
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4. When the rheophores and metals are transposed in the binding screws,

attrition at equal temperatures will cause east deflection.

5. If the second-named metal, now on the zinc side, be cold, and the first

named hot, the deflection will be east.

6. If the second-named metal, now on the zinc side, be hot, and the first

cold, the deflection will be we st.

It thus appears that, in conformity with the paradigm, the conditions 2 and 6

are those under which the simulated reversals would take place ; but in 2, the

first-named metal, being on the zinc side, ,must be the cold one ; and in 6, the

second-named metal, being on the zinc side, must be hot, and its associate cold:

hence the conditions 2 and 6 are reversed with regard to temperature.

In short, a true reversal could not take place unless attrition and thermo-

contact were capable of producing opposite efiects under the same circum-

stances of temperature and arrangement of the metals. No instance of this

kind occurred during numerous experiments. Indeed, it would be surprising

if opposite effects could result from processes so similar in their nature as con-

tact and attrition, under circumstances exactly the same.

There are many associations in which it would be impossible that attrition

should even simulate a reversal of the effects of contact, no matter in what re-

lation the metals are placed with regard to each other, or their temperature.

Thus a third class of metallic associations exists which differs entirely from the

former two. A number of these shall be adduced, not only as examples, but

with an ulterior view which will appear hereafter.

Lead with iron.

Zinc with iron.

Silver with iron.

Platinum with iron.

Palladium with iron.

German silver with iron.

German silver with nickel.

German silver with silver.

German silver with zinc.

German silver with brass.

German silver with copper.

German silver with lead.

German silver with cadmium.

Antimony and iron.

Nickel with arsenic.

Nickel with antimony.

The last-mentioned pair of metals is an excellent example of this class, its

deflections, whether at equal or unequal temperatures, being well marked.

d2
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The first-named metal of each pair being on the zinc side, and the second

on the silver side, attrition at equal temperatures will cause western deflection

;

it will also be western whether the first or second named metal be hot, its asso-

ciate being cold. And when the rheophores are transposed at the binding

screws, the deflections will all be eastward, whether the associated metals are at

tlie same temperature, or one at a higher temperature than the other, uo mat-

ter which is hot or which is cold. It is therefore obvious that under no cir-

cumstances of these metals could attrition even simulate a reversal of the de-

flection caused by contact.

It is on account of this class of metallic associations that Law xm. is not ex-

pressed as universal in its application. In the annunciation of that law it is said,

that " the deflection will in many cases change to the opposite side," &c., be-

cause the associations above described do not so change. Notwithstanding this

the law may be universal ; for it is easy to understand that whatever influence

the hot metal exerts on the cold one in order to produce a certain deflection,

the latter when hot may happen to produce the same effect with the former

metal when cold.

From all that has been said, it is obvious that if the contact of two metals, at

unequal temperatures produce deflection in the same direction as that caused

by their attrition under the same circumstances, and the deflection is on the

side of the magnetic meridian, opposite to that which the attrition of the metals

would have occasioned if their temperatures had been equal, then a reversal

takes place which I have called simulated^ because it does not arise from any

opposition between the effects of contact and attrition, but from one effect su-

pervening on the cessation or diminution of another. Thus, the reversal is

passive, not active ; and no such phenomenon occurs as an active reversal.

But when the deflections, produced by attrition and contact of the asso-

ciated metals at different temperatures, are all the same for the three conditions

which may take place at each extremity of the galvanometer coil, then even

simulated reversal is impossible. All this is very plain.

Law IX. This law is founded on probability and experience, as well as on

the difficulty of admitting the truth of the common opinion. It is generally

believed that the mere condition of difference of temperature in the associated

metals is the cause of the deflections which their contact produces. It appears
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to me that this opinion has never been established. A persistent temperature

above or below that of the surrounding media, is never the condition of metals

brought into contact at unequal temperatures, for the purpose of producing

deflections ; hence we know absolutely nothing of what the result would be if

they could be presented to each other in such a condition. What we do know

is, that when deflections are produced by metals at unequal temperatures, the

colder metal is receiving, and the warmer is parting with heat at that moment;

tliat is, the mediate agent in causing deflection is the motion of heat, provided

.tlie language be permitted of those who consider heat to be imponderable ele-

mentary matter which enters into, and passes out of, other kinds of matter. The

quantity of heat, even although diflereut in the metals, would not be a sufficient

cause of deflection; for the quantity of heat may be different, yet the thermo-

mctric indication may be the same: and under such circumstances no deflec-

tion would result.

Thus quiescent heat, no matter what its amount or difference of quantity, is

not known to affect metals in such a manner as to produce deflection ; and it is

tiie entrance or departure of heat, in other words, its motion, that seems to be

effective. It is not probable that a body, during the process of heating or cool-

ing, ever remains of the same temperature for one moment of time. Heat, if

ever stationary in a body, can only be so when that body and all the surround-

ing media are at the same temperature ; but metals, when in this state of equili-

brium of heat, do not by contact produce deflection. As soon as heat begins to

enter or leave either or both unequally, then they are capable of affecting the

needle ; and although in the foregoing pages I have frequently mentioned the

efficiency of unequal temperatures, it was for the sake of brevity, and not with

a view of conveying any opinion different from what has now been explained.

It will presently appear that the distinction here made is important.

The following experiments coincide with the preceding views. Take two

rods of different metals, each about twelve inches long, and a quarter of an inch

in diameter; antimony with bismuth, or German silver with brass, and many

other combinations will answer. Tie the rods together at one end with thread,

so that they shall form the letter V; immerse the tied ends in boiling water to

the depth of about one-tliird of the length of the rods, and continue the boiling.

It is to be presumed that the immersed portions have at length assumed the
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temperature of the water
;
yet if the rods be now connected with the galvano-

meter, there will be immediate deflection, although, by the conditions of Law iv.,

it might be expected that none would follow. This deflection will continue

until the water has cooled to the temperature of the atmosphere, and then the

needle will have arrived at zero. During the continuance of the deflection, heat

was entering both rods of metal, but with difierent degrees of rapidity, because

of difference of conducting power, or of the quantity of heat necessary to pro-

duce the same temperature in both rods, and other causes. As fast as heat en-

tered, it passed out through the portions of the rods which were not immersed,

.

and was continually dissipated in the air, while new portions entered from the

water. Hence there was a constant current of heat passing through the metals,

and hence they were continually in that condition, whatever it may be, which

produces deflection, until no more heat could be supplied or put in motion.

It might appear that, although this experiment supports the law under con-

sideration, it militates with Law iv. In fact it might be conceived to prove

that metals, by being equally heated above the temperature of the surrounding

media, are capable of causing deflections, as Mr. Erman and others supposed.

By a little variation of the experiment it will be shown that no such inference

ought to be drawn. If the two rods, tied as before, be connected with the gal-

vanometer by capillary copper wire, and one-third plunged in boiling water, it

will be found, in conformity with what has been just explained, that the deflec-

tion will continue so long as the temperature is maintained above that of the

surrounding media. But if the rods, still tied, be entirely submerged in boiling

water, so that all parts be brought to the same temperature, and no current of

heat, as it may be expressed, is passing through them, the deflection will in a

minute or two cease. The needle having arrived at zero will there remain, and

there will not be the least variation unless circumstances should cause one of

the rods to change its temperature, such as unequal cooling of the water or

containing vessel ; the most trifling inequality will produce a deflection.

In these experiments, if, instead of hot water, we use water cooled with ice,

the converse process will take place, provided the atmosphere at the time is at

a higher temperature than the cooled water. A deflection will result, but it

will be on the opposite side of the magnetic meridian ; this will continue until

the temperature of the metals and water rise to that of the surrounding media,
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aud then the needle will stand at zero. In this case heat from the atmosphere

enters the portions of metal not covered by water; it is then communicated to,

and absorbed by the water ; thus, a retrograde current of heat is created, and

hence the opposite deflection. The transmission of heat by the metals is un-

equal on account of their unequal conducting powers and capacities.

It is a consequence of this law that, in general, if two metals in contact, con-

nected with tlie galvanometer by capillary rheophores, be equally subjected to

the action of the same degree of heat or cold throughout their whole mass, as

by being immersed in hot or cold water, there will be, at first, a deflection,

which, however, will speedily cease, and the needle will settle at zero ; heat was

either entering or leaving the metals unequally, hence the opposite deflections

according to the current of the heat ; but all deflection will cease when the ca-

pacities for heat are satisfied.

These transitory deflections have misled some philosophers into the belief that

they are produced by an equal elevation or depression of the temperature of

both metals above or below that of the surrounding media. If I am correct in the

laws laid down, and I know of no reason to doubt it, a change of temperature,

equal in both metals, does not impart to them the power of producing deflections
;

although deflections will occur when the metals are in progress of arriving at

equality of temperature, but, that point once attained, all deflection ceases.

Law X. The facts on which this law is founded are very perplexing, so

diflicult is it to disentangle the complications which take place. A few of the

leading ones only shall be noticed.

Eods of metals, imder certain circumstances, act diflerently from hemi-

spheres : the latter produce but one kind of deflection for each mass, at a given

temperature and at the same end of the coil ; the former give an opposite de-

flection for each end of the rod dependent on its temperature. Let a rod of

German silver, eight inches long, and a quarter of an inch in diameter, be con-

nected by a capillary copper wire to the zinc side of the galvanometer, and a

similar rod of bright iron to the silver side. If one end of the German silver

rod, adequately heated by a spirit lamp, be applied or rubbed to the cold iron

rod, a strong western deflection will result ; its cold end would give eastern

deflection. The contact being continued, let the cold end of the German sil-

ver rod be slowly heated, the deflection will gradually lessen, and at length
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become null ; the needle will stand at zero, for the polarity has been destroyed.

Or if the German silver rod had been originally heated throughout equally, as

in boilincr water, there will be no deflection when it is brought in contact with

the cold iron rod.* If the iron rod on the silver side be heated at one end, its

contact with the cold German silver rod will cause western deflection, and will

manifest polarity ; but, when it is heated equally throughout, it will be incapa-

ble ofproducing deflection. Thus these two metals agree in their incapability

xmder the circumstances stated. But if one end of either be hotter than its

other end, although both be hot, there will be corresponding deflection.

But this incapability of producing deflection, which arises from equal diffu-

sion of high temperature throughout the whole rod, is not common to all me-

tals. With a bismuth rod on the zinc side, and an antimony rod on the silver

side, if one end of the bismuth be heated, it will, by contact or attrition with

the cold antimony rod, give Avestern deflection for the hot end, and eastern for

the cold end. If the whole of the bismuth rod be heated equally throughout, its

polarity will be destroyed; but the needle, instead of standing still at zero, will

pass to the east, because the rod no longer acts as such, but as a hemisphere,

on account of the great natural energy of these metals in thermotribo-electricity.

The case will not correspond when the rod of antimony is the heated one ; fur

whether it be heated at one end only, or throughout its whole extent, its con-

tact with the cold bismuth will be the same, viz.—eastern deflection on the zinc

side, and western on the silver side.

If a bismuth rod, on the zinc side, be heated at one end, and made to act on

a cold iron rod on the silver side, there will be western deflection ; or eastern

if the heat be equal throughout. But if the iron rod on the silver side, be

heated at one end only, or equally throughout its whole extent, it will, in either

case, give western deflection by attrition or contact with the cold bismuth.

If German silver be substituted for bismuth in the foregoing experiment,

and a tin rod for the iron, the same application of heat, as before, will produce

the same deflections ; the tin whether hot at one end only, or throughout, will

impel the needle in the same direction. Corresponding results will be obtained

with rods of tin and bismuth, or tin and antimony.

* Attrition will sometimes give 2° or 3° west.
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When the rods employed are antimony and German silver the case is diffe-

rent : either rod heated at one end only, and applied to the other cold, will cause

western deflection. But when the antimony is heated throughout, it gives with

cold German silver a feeble eastern deflection.

It is a singular circumstance that if two rods of bismuth be used, one on

each side of the galvanometer, either rod heated throughout and rubbed to the

other, will cause an extensive swing of the needle, but if the same rod be heated

at one end only, it will send the needle in the opposite direction. If two rods

of antimony be similarly treated, the heated rod, whether it is so partially or

entirely, will cause eastern deflection by attrition to the other.

In order to try the effect of bending a rod into a circular form and uniting

its ends, I caused a thick ring of bismuth to be cast: it weighed twelve ounces;

its diameter was nearly five inches. This being connected with the zinc side,

and a mass of antimony with the silver side, it was found that by heating about

an inch of the bismuth, and rubbing it against the cold antimony, western de-

flection resulted
; but when the whole ring was equally heated, the same con-

tact caused the needle to pass to the east. Thus the ring acted in the same
manner as a rod.

By comparison of the foregoing experiments it will appear that the deflec-

tions produced by rods are frequently different from those caused by hemisphe-
rical masses. The experiments require much circumspection

; many attempts
may be necessary to obtain true results. The least difference in the heat of the

two ends of a rod, when they are intended to be equal, will sometimes give a

false deflection.

It thus appears to be true, with regard to this law, that metals divide them-
selves into two classes:— 1st. Those which, when associated with certain other
metals, give deflections on opposite sides of the magnetic meridian, according as

they are heated partially or totally. 2nd. Those which do not so comport
themselves when associated with the former class, but give a deflection on the
same side of the magnetic meridian, whether they be heated partially or totally.

The second class of metals only exist as such, so long as they are associated
with the first: for when associated with each other, they change their charac-
ter and act similarly to the first class. The existence of the two classes is,

therefore, not absolute: it is a relative condition subject to the contingent asso-
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ciatiou of certain metals. This iron, when associated with bismuth, gives de-

flection on the same side of the magnetic meridian, whether it be heated

totally or partially
;
yet iron becomes amenable to tin ; for heated partially, it

gives a deflection in the opposite direction to that which it causes when it is

lieated throughout its mass. Other instances might be adduced.

Law XI. Under the consideration of the preceding Law it was shown that

many metals, when in the form of rods, produce opposite deflections according

as a part or the whole of the rod has been heated. It is now intended to be

shown that these deflections may be exhibited under circumstances apparently

amounting to a contravention of Law iv. These circumstances have been

much misunderstood ; it has been supposed that by merely elevating the tem-

perature of two active metals equally, they would produce deflection by con-

tact ; and the following facts apparently support that opinion.

A wire of German silver one-eighth of an inch in diameter, and four feet in

length, was connected with one of the binding screws of the galvanometer,

without any interposed capillary rheophore ; a brass wire of the same thickness

and length was similarly connected with the other binding screw ; the farther

ends of the two wires were tied together with thread. The tied ends were

then plunged in boiling water, which immediately produced a deflection of 50°

west.

The same experiment was made with much thinner wires of these metals,

with exactly the same results.

From each of the first-mentioned pair of wires twelve inches were cut off",

and their ends were connected with the binding screws, in the same order as

before, by means of capillary copper wires. The two farther ends bent to each

other were tied together with thread, and about an inch of the ends so tied was

immersed in boiling water. The deflection was west as before.

In this state of things the pair of connected wires was suddenly and totally

immersed in boiling water. The needle passed eastward, thus showing, in

conformity with what has been explained, Law x., the difierence of deflection

produced by partial and total heating of the metals. Other associations of

metals were also tried ; bismuth and antimony succeeded best. A rod of each,

twelve inches long, and a quarter of an inch in diameter, was prepared ; they

were tied together at one end with thread in the form of the letter V; the free
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ends of the compound piece were connected with the galvanometer by means

of capillary copper wire. The point of junction of the V was then immersed

in boiling water to the depth of an inch; there was an immediate deflection to

the amount of 90° west. The compound piece was then totally immersed in

the water; the needle came round to 15^ east.* lu these cases the rhcophores

were proved not to have had any influence; and chemical action of the water

was out of the question, as the metals were in strict contact.

In the enunciation of the Law, it is stated that this deflection, produced by

total immersion of the associated metals, will be of temporary duration. It

might appear that the occurrence of any deflection, whether the rods were par-

tially or totally heated, would be a contradiction of Law iv., for it might be

supposed that as the two metals were exposed to the same temperature, their

contact should not cause deflection. But although both metals were exposed

to the same source of heat, it is a well-known fact that they do not each absorb

lieat in such a manner as to produce equal temperatures in equal times ; the

actual temperature of each metal, owmg to this different influx of heat, is there-

fore unequal ; more or less deflection must consequently ensue ; and will con-

tinue up to the moment when the capacities for heat of the two metals are satis-

fied, which will be in a longer or shorter time, according to circumstances.

The metals having then arrived at equality of temperature, the needle will stand

at zero. Thus, it is plain that between the present Law and the fourth Law
there is no discordance ; all the remaining parts of the former are intelligible

without further explanation.

Laws XII., XIII., XIV. need no comment.

Laws XV. and XVI. The consideration of these Laws involves the great

question of all,—Are the deflections produced by thermo-contact and attrition

• With some associations of metals it is exceedingly difficult to obtain these results. A rod

of tin and one of lead require a galvanometer of exquisite susceptibility. Eods of German silver

and iron are apt to deceive; but by dipping the tied ends into boiling water, taking care to keep

the remainders cold, and after marking the deflection, removing the tied rods, and leaving them to

cool perfectly for some hours, and then plunging them, along with the rheophores, suddenly and

totally into boiling water, the opposite deflection will be obtained. This indeed is the best method
for all metals.

E 2
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of the same class as those called voltaic? or, in other words, is electricity the

agent in all these phenomena?

In the "Philosophical Magazine" for 1852 I published an essay, in which

were adduced reasons for believing that electricity is not a simple elementary

fluid, but a compound of several elementary constituents, one of which is the

deflecting agent. As soon as I became acquainted with the fact that brisk de-

flections are producible by attrition of heterogeneous metals, it struck me that,

perhaps, the power thus developed might be the deflecting agent, either in a

separate form, or at least in a less complicated state than it usually occurs.

In order to study this question it was necessary to construct an instrument by

which the attrition of metals could be carried on energetically, and for a great

length of time, without much labour. I therefore caused the following appa-

ratus to be made ; it answered also for some of the experiments already

described.

A wooden wheel, four feet in diameter, with a winch for turning it, was

adjusted in a heavy, solid frame. The wheel carried a band which passed

round a pulley 2-33 inches in diameter, and so mounted in an iron frame that

by one revolution of the wheel the pulley revolved twenty times. As the

wlieel could be made to revolve once in a second, the pulley would revolve

twenty times in that period. The axle of the pulley was adjustable to various

thick, circular plates of wood, the peripheries of which were each shod with a

large, heavy ring of a different metal, which had been turned in a lathe. A
socket was placed in such a situation relatively to these rings, that a cylinder

of a metal, always Of a different kind from that on the circular plate of wood,

could by the pressure of a spring be made to rub against the metallic ring as

it revolved. Thus, attrition between any two metals could be efiected with the

greatest rapidity for any required period of time. The socket was lined with

ivory. On the frame of the machine were affixed two binding screws, one of

which communicated with the revolving ring of metal, the other with the rub-

bing metal fixed in its socket.

My first trial was made on iodide of potassium dissolved in water, with a

little starch also in the solution. The attrition was between bismuth and

antimony. With this liquid a small tube Avas filled, into each end of which

o
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was inserted a platinum wire, one sealed in the glass, the other confined by

means of a cork. The platinum wires being connected with the binding screws,

the wheel was made to revolve, witli great rapidity, during an hour. At the

end of this time there was not the slightest symptom of decomposition of the

iodide. I also tried the experiment with turmeric paper moistened with solu-

tion of iodide of potassium, with no greater effect ; although a current of com-

mon electricity, which would not have affected the galvanometer, produced a

brown spot when passed through the wires for a few moments. Other asso-

ciations of metals had no better success.

I then made an experiment which, if previously tried, would have shown

me the impracticability of producing any decomposition by these means; it was

as follows:—Tlie tube with platinum wires, being cleaned out, was filled with

salt water, and made a part of the circuit between the bismuth ring and anti-

mony rubber. The galvanometer was also introduced into the circuit. The

bismuth ring was now thrown into rapid revolution ; but there was not the

slightest deflection of the needle, although the platinum wires were separated

from each other only one-fortieth of an inch: even this small extent of salt

water could not be traversed by the deflecting agent.

To contrast the easy passage of the ordinary voltaic agent through salt water

with the impenetrability of this liquid to the deflecting influence generated by

attrition of metals, I removed the tube containing platinum wires, and substi-

tuted for it a glass tube forty inches long, filled with salt water, and stopped

at both ends with corks, through which passed a platinum wire long enough

to touch the water within. A zinc and a copper plate, each half an inch square,

acted on by water containing as much sulphuric acid as imparted to it a scarcely

discoverable taste, were brought into connexion with the copper wires of the

long glass tube, in the usual manner ; the galvanometer being included in the

circuit. The moment the connexions were established, the needle moved

slowly, and settled at 60', proving that this deflecting agent traversed IHOO

times the length of liquid, which the other deflecting agent refused to enter at

all, and perhaps it would have passed through a hundred times even that

extent.

To render this result more striking, the last experiment was repeated,

with the single difference of substituting spring water for water acidulated

with sulphuric acid. On establishing the connexions, the needle moved 30°:
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and when distilled water was substituted for spring water, the needle moved

20°, and stood permanently at 10°.

Here then is an important difference established between these two agents

:

that one developed by the attrition of metals, far from decomposing chemical

compounds, is not even conducted by salino-aqueous liquids. It may be said,

in defence of the hypothesis of identity, that the cause is a difference in quan-

tity or intensity of the agent concerned in both. But what appears to oppose

this explanation is, that whatever may be the condition with regard to quantity

or intensity of this agent which refuses to be conducted by salt water, it is not

practicable to reduce the voltaic agent to the same condition. I repeated my
experiment, using a thin wire of zinc and an equal one of copper, in place of

plates previously employed, the exciting liquid being distilled water. Thus

the intensity and quantity were reduced to the lowest degree of both that we

are acquainted with, yet the agent thus brought into operation traversed the

forty inches of water with ease.

Although the ring of bismuth rubbing against antimony gave a pei'maneut

deflection of 7.5°, which ceased when one-fortieth of an inch of water was inter-

posed in the circuit, I found that when these two metals were immersed in

spring water, at the distance of eight inches from each other, a deflection of 4°

was produced. Here, then, were the same metals, and the same liquid: the

only difference was that in one case a feeble chemical action was in operation,

and an agent was in consequence generated which had the faculty of being

conducted by water several inches in extent ; while, in the other case, an agent

was produced which was altogether stopped by a drop.

To ascertain whether the interposition of so small an interval as one-fortieth

of an inch of water, in the circuit of what is called a thermo-electric couple,

would intercept the deflecting agent, I made the experiment with hot bismuth

m contact with cold antimony, and found that the galvanometer was not in the

least degree affected. This result, instead of supporting the inference which

I have drawn, might perhaps be used as an argument against it ; for it is known
that a thermo-electric battery will cause chemical decompositions. It may be

said that it does so because the power is accumulated ; and that if we were

acquainted with means of accumulating the power of the bismuth ring revolv-

ing against an antimony rubber, decompositions might be equally effected in

that manner. This, however, is but the semblance of an opposing argument

:
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if experiment should hereafter prove the possibility of such decompositions, it

would prove nothing in favour of the identity liere disputed ; it is indeed only

what should follow from the constitution which, in my former essay, I liave

attributed to the electric fluid.*

There is no observable connexion between the deflection produced by

chemical action on the two metals, and those caused by tlieir lliermo-contact or

attrition : they are frequently in opposite directions with the same metals, and

the degrees of deflection efiected by these several methods on the same metals

are very different. Thus the chemical action of spring water on bismuth and

antimony is so feeble that the deflection may amount to but 4", when with the

same galvanometer thermo-contact or attrition of these metals will cause tlie

needle to traverse the whole quadrant, or even the whole circle, by a sudden

impulse.

Conclusion.

Having now made such observations as seemed necessary on the Laws
which I conceive to regulate the motions of the magnetic needle, when under

the influence of the agent developed by thermo-contact and attrition of metals,

I proceed to consider the question whether these deflections are produced by

friction as a primary cause, or by the heat which friction generates. On this

subject a difference of opinion prevails amongst philosophers. Professor Erman,

the latest authority, conceived that the deflection " is a mere consequence of

the heat produced by the action of rubbing."

The fact has, I trust, been sufliciently established, in the foregoing pages,

that there are certain metals which, when rubbed together at equal tempera-

tures, give a deflection of an opposite kind to that which results from contact

of the same metals at unequal temperatures. Now if the deflection caused by

rubbing the metals together at equal temperatures were not produced by fi-ic-

tion as a primary cause, but secondarily by the heat consequent on that friction

why should it take place on the side of the magnetic meridian opposite to that

on which it would have been had any artificial source of heat been supplied.

It may no doubt be argued, that as friction develops heat, this heat might be

unequally divided between the two metals, being absorbed more rapidly by

* Philosophical Magazine, 1852.
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one of them in consequence of more ready conduction, or greater capacity, or

both. But if this were true, it should happen that when these two metals in

contact are immersed in hot water, the resulting temporary deflection (Law xi.)

should be on the same side of the magnetic meridian as it would have been had

the deflection been caused by friction without artificial heat. But on making

the experiment, it wiU be found that when bismuth is on the zinc side of the

galvanometer, and antimony on the silver side, attrition of these metals, when

at the temperature of the atmosphere, will cause western deflection ; but let

both in contact be suddenly immersed and rubbed in hot water, and a brisk

eastern deflection will result, which will continue until both assume the same

temperature.

For my own part I think this fact is sufficient to prove that the deflections

produced by attrition are independent of the heat which attrition is capable of

developing. There are other considerations tending to the same conclusion.

Professor Eeman observes, that " the point of a needle rubbed against a consi-

derable heterogeneous mass gives immediately the deviation ; and an increase

of the extent of the surfaces in friction does not appear even to add materially

to the intensity of electrization." Are these facts compatible with the belief

that heat is generated lay a scratch of the point of a needle against a large mass

of another metal in such degree as to excite an instantaneous deflection. The

friction may be eflected under the surface of iccywater, or of boiling water, yet

the deflection ensues, it being in both cases western, provided the bismuth is

on the zinc side. If friction of two metals in ice-water, or boiling water (the

temperature of the metals and water being the same), produce deflection on

the same side of the magnetic meridian, how is it possible that the heat gene-

rated by a single rub of these metals against each other in ice-water, or boiling

water, could excite them by the heat of friction sufficiently to cause a deflec-

tion ; for there was more than suflicient cold or heat present to neutralize, or

overpower, any momentary inequality of temperature which friction, perhaps,

of the point of the needle, could occasion.

That it is friction, and not the heat resulting from friction, which causes

deflections, is still further countenanced by the fact, that when the attrition of a

hemisphere of bismuth against one of antimony is conducted under the surface

of hot water, the deflection frequently takes place rather more slowly, and to a

less amount, than when it is conducted under the surface of cold water.
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Were the heat produced by attrition, the cause of the resulting deflections,

we should expect that when deflection had taken place in consequence of the
contact of two metals at unequal temperatures, friction, by aflbrding a new
source of heat, should increase the deflection in the same direction. But the
contrary result is obtained in a number of instances, for tlie needle passes off

in an opposite direction.

If any additional proof were required on this subject, it may be found in
the list of metallic associations, constituting the third Table above mentioned.
These associations seem to prove that the deflections are not produced by the
heat of attrition determined to or from any particular metal of the pair ; for no
matter which metal is heated by external means, the needle will be deflected
m the same direction when attrition or contact is brought into operation.

In fine, without some violent and gratuitous assumption, it does not seem
practicable to sustain the opinion that heat is the agent of attrition in produc-
ing these deflections. The foregoing considerations appear to me to render it

more probable that they are the result of a peculiar attribute of metals which
acts independently of heat, although it is occasionally much modified by that
agent

What the ultimate efiect of tribothermo-electric phenomena may be on the
present theory of voltaic electricity is not easy to foresee ; ingenious arguments
will, perhaps, be contrived to show their compatibility. Hitherto the prevail-
ing opinion, at least in the British Isles, has been that voltaic electricity can
only be evolved by chemical agency ; but in tribothermo-electric phenomena
the agent, whatever it may be, is developed without any chemical action ; can
It then be the same as that which is efiicient in voltaic phenomena ?

In the foregoing essay it would have been my wish to have reduced the
number of the Laws by expressing them more generally, or to have comprised
them, if possible, under one comprehensive Law

; but as they are inductions
from facts more or less numerous, and sufficiently distinct, I soon discovered
my inability to express them in a more abstract form without omitting impor-
tant distinguishing particulars, or rendering their enunciation inconveniently
complex and intricate.

The laws of thermo-electricity have been unavoidably mixed up with those
of tribo-electricity, a consequence of the inseparable nature of the phenomena.

VOL. XXIII.
J.
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ADDENDUM.

It is proper to mention that the metals employed in the foregoing experiments

were all in their commercial state, it appearing probable that the small quantity

of foreign matter present in any one of them mnst be exceedingly small. In

one case, however, I find that I was mistaken : the purity of the metal, which

I designated " nickel," was rendered doubtful by some observations which I

subsequently made. At my request it was examined by Professor Apjohn,

who found that it consisted of nickel, much arsenic, some cobalt, and a little

sulphur. The compound nature of this substance does not, however, invalidate

the evidence of the experiments in which it was used.
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Discussion of Tidal Observations made by direction of the Royal Irish Aca-
demy in 1850-51. By the Rev. Samuel Haughton, M. A., Fellow of Tri-

nity College^ and Professor of Geology in the University of Dublin.

Bead April 24th, 1854.

PART FIRST.

THE SOLAR AND LUNAR DIURNAL TIDES ON THE COASTS OF IRELAND.

IN the autumn of 1850 tidal observations were commenced at twelve stations

on the coasts of Ireland, under the direction of the Committee of Science of

the Royal Irish Academy. One of these stations, Kilrush, county of Clare, was
abandoned shortly after the commencement of the observations, in consequence

of difficulties experienced in obtaining a sufficiently sheltered position for the

tide-gauge
; and at another station, Killybegs, county of Donegal, the observations

made were not of so complete a character as at tlie I'emaining ten stations.

At the request of the Committee of Science, I undertook the task of re-

ducing and discussing the tidal observations, the reduction of the meteorological

observations being undertaken by tlie Rev. Humphrey Lloyd, whose Notes on
the Meteorology of Ireland, deduced from those observations, have been re-

cently published by the Academy.

The tidal observations made under the direction of the Academy were of

two distinct kinds :—the first being the observation of all the High and Low
Waters at each often stations, for periods varying from sixteen to twelve
months

;
the second being the observation of complete tides, at intervals of

fifteen minutes, the tides selected for this purpose being four in each lunation,

two spring and two neap. These observations were made at eleven stations,

and, like the former, extend over a period varying from sixteen to twelve
months.

f2
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These two classes of observations were made for the purpose of throwing

light upon different questions connected with the laws of the tides, the first

class of observations being intended to furnish data for the separation of the

effects of the Sun and Moon in the Diurnal Tide,—a problem not yet solved by

observation ; the second class of observations being intended to illustrate the

laws of the Semidiurnal Tide, particularly in the Irish Channel, and to decide the

true mean height of the water round the coasts of Ireland.

As the two subjects are quite distinct, I have determined to present the re-

sults of my discussion of the tidal observations in separate communications to

the Academy.

In the present communication I shall give the results of the calculations

made from the daily observations, with a view to determine the separate effects

of the Sun and Moon upon the Diurnal Tide.

Section I.

—

Description of the Tidal Stations, and of the Tide-Gauge used in the

Observations.

I. Castletownsend, county of Cork. Lat. 51° 31' N. ; Long. 9° 7' W.

—

The zero of the tide-gauge was carefully referred to the iron bolt driven verti-

cally into the rock in which the Coast-guard signal-staff is secured.

The zero was 31 '91 feet below this bolt. The gauge at this station was

placed in the open sea, and was held in its place by stays and guys made fast

to the rock.

II. Cahieciveen, county of Kerry. Lat. 51° 57' N. ; Long. 10° 8' W.—
The zero of the tide-gauge, which was erected in the north-east angle above the

bridge, was referred to a provisional bench-mark made on the corner coping-

stone of the bridge.

The zero was 23'51 feet below this mark.

IIL KiLRusH, county of Clare. Lat. 52' 38' N. ; Long. 9° 26' W.—The
tide-gauge was placed at this station on the sea face of the steam-boat pier, and

consequently exposed to the gales from the south-west. This was the only posi-

tion in which it could be placed, and, unfortunately, it was twice washed away

by the violence of the waves.

The zero was referred to the copper bolt driven vertically into one of the

facing stones of the pier, and was found to be 20-59 feet below this bolt.
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IV. BuNOWN, county of Galway. Lat. 53° 24' N. ; Long. 10^ 2' W.—The
tide-gauge at this station was erected at the inner side of the new pier built for

the accommodation of fishing-boats, and was well sheltered from the west and
south-west.

V. KiLLYBEGS, county of Donegal. Lat. 54° 38' N. ; Long. 8° 24' W.—
Owing to the impossibility of erecting a tide-gauge at this station, in a position

which would not be left dry at low water, it was determined to dispense with
the daily observations, and to make the weekly observations with two tide-poles,

one of which was fixed to the pier near the Coast-guard house, and the other

on a rock at a short distance from the shore, the latter being used only when
the base of the pier was dry at low water of spring tides. The correspondence

of the figures on the two poles was carefully verified.

The zero of the tide-pole was 18-00 feet belowthe coping-stone of the pier

to which it was fastened.

VL Ratumullan, county of Donegal. Lat. 55° 7' N. ; Long. 7° 32' W.
The tide-gauge was erected in a sheltered situation, at the inner side of the pier.

Its zero was 20-20 feet below the upper surface of the corner coping-stone

at the southern end of the pier.

Vir. PoRTRusH, county of Antrim. Lat. 55° 12' N. ; Long. 6° 38' W.—
The tide-gauge was erected in an angle of the northern pier, close to the spot

in which the tidal observations were made in 1842. It was referred to the
copper bolt driven vertically into one of the facing-stones of the quay, and its

zero was found to be 12-58 feet below this bolt.

VIII. CusHENDALL, county of Antrim. Lat. 55° 4' N. ; Long. 6° 4' W.
The tide-gauge at this station was erected on the landward side of the new pier

in Red Bay.

The zero of the gauge was referred to the Ordnance bench-mark on the top
of the wall, at the road side, north of the tunnel above the pier ; it was found
to be 34-74 feet below this mark.

IX. DoNAGHADEE, county of Down. Lat. 54° 38' N. ; Long. 5° 33' W.—
The tide-gauge was erected beside the pier, close to the bolt driven vertically

mto one of the facing-stones of the quay, in a sheltered position, and with deep
water at the lowest tides.

The zero of the gauge was 19-80 feet below this bolt.
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X. Kingstown, county of Dublin. Lat. 53° 17' N. ; Long. 6° 8' W.—The
gauge was placed in the inner angle of the new harbour, and was well sheltered

from all points, particularly the north-east, from which direction large waves

often enter Kingstown Harbour.

Its zero was referred to the copper bolt in the coping-stone of the pier near

the water tank, and found to be 18-28 feet below this bolt.

XL CouETOWN, county of Wexford. Lat. 52° 40' N. ; Long. 6° 12' W.—
Some difficulty was found at this station in selecting a suitable position for the

tide-gauge, in consequence of the harbour having become partially filled with

sand and gravel, forced into it by the sea. The gauge was placed beside the

wooden landing stage, in the open sea, in rather an exposed position.

Its zero was found to be 17'13 feet below the copper bolt driven vertically

into one of the facing-stones of the entrance to the harbour.

XII. DuNMORE (East), county of AYaterford. Lat. 52' 8' N. ; Long. 6° 57'

W.—The tide-gauge was erected at the inner angle of the harbour, in a very

sheltered position.

Its zero was referred to the copper bolt driven vertically into one of the

facing-stones of the pier, not far from the light-house. It was found to be 17'59

feet below this bolt.

The twelve tidal stations just described were established between Septem-

ber, 1850, and January, 1851, and were each visited twice during the observa-

tions, by either Dr. Llotd or mj'self In these visits we were assisted by the

following gentlemen, who rendered valuable assistance by their suggestions, and

in levelling from the bench-marks to the zero of the gauges:

—

James Apjohn,

M. D., Henry Head, ]M. D., Rev. Joseph A.Galbraith, James R. BuLAVER,Esq.,

Walter R. Bulwer, Esq., and J. Hancock Haughton, Esq. The time was

found at each station by means of a vertical gnomon, with a meridian line, the ob-

servation of which at midday, witli the aid of a table of the equation of time

furnished to each observer, gave the local time with considerable accuracy.

The tide-gauge consisted of a wooden case, from twenty to twenty-eight

feet in length, placed in a vertical position, and closed at the bottom, excepting

a few holes, guarded by copper gauze. The bottom of the case was placed four

or five feet below low-water mark, and the oscillations of the water outside were

scarcely sensible within the case. To the top of the case was attached a box,
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containing a drum, over which was passed a silk cord, terminating at one ex-

tremity in a wooden float resting on the water, and at the other extremity in a

small leaden counterpoise. The motion of the water inside the case was com-

municated by this cord to the drum, which was connected by wheel-work of a

very simple character with the index-hand of a dial, marked into sixteen feet,

each divided into tenths.

These dials, and the annexed wheel-work, were made by Mr. Dobbyn, of

Wicklow-street, Dublin, and worked remarkably well during the whole time of

being used. In addition to the index-hand traversing the dial, two other hands

were placed on a separate axle, which were pushed in opposite directions by a

projection placed on the index-hand, thus registering without observation the

maximum and minimum heights of the tide. To obtain this registry it was

only necessary to visit the dial twice during each lunar day, either at half-flood

or half-ebb ; and after a few day's practice, no difficulty was experienced by the

observers in recording all the High and Low Waters, with a very slight expendi-

ture of time.

The greatest care was taken to secure accurate determinations of the exact

position of the zero marked outside the case, with reference to the Ordnance

and other bench-marks, the zero of the dial being made to correspond with

the zero outside. The gnomons by which the time was observed, were also

erected with care, and I believe that with good observers the error in time

would be less than one minute. To the observers themselves, who were all

selected from the coast-guards at each station, too much praise can scarcely be

given for the intelligence and patient industry with which they succeeded in

carrying out the rules for observation, in which they were carefully instructed

;

and I believe it is not too much to assert, that so far as the observers were con-

cerned, it would be impossible to have an extensive series of tidal observations

made with greater care and accuracy.

Section II.

—

Method of Discussing the Daily Obsebvations.

The daily observations consisted, as already mentioned, of observations of

all the apparent High and Low Waters occurring each day. These observations

of height were arranged in order of occurrence, and the Diurnal Tide in height,

at High and Low Water, calculated from them in the following way.
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The apparent height of the tide at any moment is made up of several quanti-

ties, of which the principal are:

—

1. The Semi-diurnal Tide.

2. The Diurnal Tide.

3. Tides of long period, depending on the change of position of the Sun and

Moon, or the Semi-menstrual and Semi-annual Tides.

4. Elevation or depression of the water, due to slow changes of barometric

pressure.

5. Abrupt changes due to wind.

It is possible, by the following method, to separate in the observed High

and Low Waters the part due to Diurnal Tide, and abrupt changes due to wind,

from the first, third, and fourth quantities just mentioned.

Let hi, hi, As, h^, h^, be five successive High or Low Waters ;
the parts of these

heights due to the first four causes can be represented by sines and cosines.

Let A cos ?z0 be the height due to any periodic cause, <p being an arc of fixed

magnitude, and n a quantity increasing with the time in such a way that it is

increased by unity in the interval between two High or Low Waters, i. e., in

about 12" 24".

From this definition we have,

hi = A cos (n — 2) (j),

h^ = A cos (n — 1) ((),

hs — A cos 7i(j),

hi = A cos (n-f 1) (f>,

h^ = A cos {ii+ 2) 0.

Taking the fourth difierence, we have, after some transformations,

Fourth Difference = h^ — Ah^ + 6/(3 — 47*4 + A5 — l&A cos n<p sin^|0.

The right-hand member of this equation disappears for all the terms except

the Diurnal Tide, and the abrupt changes of level caused by wind, which can-

not be eliminated. In the Semidiurnal Tide the value of is nearly 360°,

and consequently sin*^0 is evanescent. For the tides of long period, such as

those under the third and fourth heads, it is a very small angle ; for example,

in the Semi-menstrual Tide ^ is about 12° 37'; and, therefore,
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Fourth Difference • . ,^o , „,> ^ ^„„. ,

.

i-^-j .,qo Q7/X = sm< (6 18') = 0000145.
\&A cosn (12 37

)
^ '

a quantity which is perfectly insensible.

The slow changes of level due to the slow changes of atmospheric pressure

will in like manner disappear from the Fourth Difference of the heights at High

and Low Water, and there remains, therefore, nothing to consider but the Diur-

nal Tide, and the accidental changes due to sudden variations of wind. The

latter cannot be eliminated by any process of calculation, as they simply pro-

duce the effect of making a particular height, or two or three successive heights,

differ from their true values ; they are to be considered as in the same category

as errors of observation, and so far as they occur they vitiate the observations

which they affect.

In the Diurnal Tide, on the contrary, the value of </> is nearly 180^, and,

therefore, sin* ^0 is nearly unity ; and consequently, the whole effect of the

Diurnal Tide remains in the Fourth Difference of the successive heights, or,

n- 1 rp-j hi-4h2 + Qh3-4h, + fis ,,^Diurnal Tide = r-^ . (1)

Having arranged the High and Low Waters for the ten stations in regular

order, I employed two calculators, who were unconnected with each other,

to calculate the Diurnal Tide for the High and Low Waters following the

Moon's southing, from equation (1). These independent calculations were

then compared, and wherever they differed I repeated the calculation myself,

and in this manner secured the perfect accuracy of the figures which will be

given in the Tables of this Memoir. Notwithstanding the accuracy of obser-

vation obtained by the form of tide-gauge used by us, and the evident care

of the observers, there are occasional irregularities in these figures, which must

be attributed to the fifth cause, mentioned in p. 40; and such irregularities

happened principally during the stormy part of the year, and occasionally on

the occurrence of isolated storms ; but, on the whole, I believe the observa-

tions of the Diurnal Tide now presented to the Academy are the most perfect

that have been ever made on so large a scale, and for such a length of time.

Having thus eliminated the Diurnal Tide from the observed heights, I con-

structed the Diurnal Tide at High and Low Water following the Moon's south-

VOL. xxiu. G
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ing, by points, on paper ruled into divisions of tenths of an inch ; on the scale

of heights, of an inch to the foot ; and of time, of five lunar days to the inch.

After joining the points, a curve was drawn in the usual way, which represented

geometrically the actual results of observation. These curves were then com-

pared with other curves constructed from theory in the following way.

From whatever theory of tides we set out, whether the Equilibrium Theory,

Laplace's Dynamical Theory, or Mr. Airy's Theory of Canal Waves, we arrive

at the result that the Diurnal Tide is proportional to the product of the sine

and cosine of the declination of the luminary; and the most general form of

Diui-nal Tide may be deduced from this supposition, combined with the well-

known fact that tlie tide does not accompany, but follows, the southing of the

luminary, and with the hypothesis of the Hydrodynamical Theories, that the

position of the luminary, corresponding to any tide, is not its actual position, but

the position it had at a period preceding the period of the tide, by an interval

called the Age of the tide. We may, therefore, consider the following as the

most general expression for the height of the Diurnal Tide ; at least it i« the

expression deduced from theory, with which I have compared the observed

Diurnal Tide

:

D = S sin 2of cos (s — i,) +Msm2fi. cos (m — i,n). (2)

In this equation

—

D is the height of the Diurnal Tide at the High or Low Water following the

Moon's southing, expressed in feet.

S and 31 are the coefficients, in feet, of the Solar and Lunar Diiurnal Tides.

a and ju are the declinations of the Sun and Moon, at a period preceding the

High and Low Water, by an interval to be determined for each luminary,

and called the Age of the Solar and Lunar Diurnal Tide.

s and in are the hour-angles of the Sun and Moon, west of the meridian, at the

time of High or Low Water.

i, and i„ are the Diurnal solitidal and lunitidal intervals, or the time which

elapses between the Sun's or Moon's southing, and the Solar or Lunar Diur-

nal High Water.

The right-hand member of equation (2) therefore contains eight quantities,

of which two only, m and s, are known directly by the observed time of appa-



Diurnal Tides on the Coasts of Ireland. 43

rent High and Low Water. The remaining six, three belonging to the Solar, and
three to the Lunar Diurnal Tide, are to be determined ; and being found, the
values of Z), calculated from (2), are to be compared with its values deduced
from observation by means of equation (1).

The unknown quantities of the Diurnal Tide are, therefore,—

1st. The coefEcients of Solar and Lunar Tide.

2nd. The Diurnal solitidal and lunitidal Intervals.

3rd. The Ages of the Solar and Lunar Tides.

Of these quantities, one, viz., the Age of the Solar Diurnal Tide, cannot be
found from observation, because the Sun's place, or declination,changes so slowly
that it is a matter of indifference what place we assign to the Sun (within a limit

of some days) in estimating the amount of the Solar Tide. The other five

quantities may and have been found from the observations, as I shall presently
show.

The constants of equation (2) were found as follows for each of the ten
Tidal Stations. An inspection of equation (2) shows that the Solar Diurnal
Tide disappears at the equinoxes (because 5 = 0, or is very small) ; hence, the
equinoctial Diurnal Tide, observed at High and Low Water, was altogether due
to the Moon, and the Lunar Diurnal Tide was found approximately from the

equinoctial tides, and constructed on the same abscissa as the observed Diurnal
Tide. This Lunar Tide constructed from calculation differs considerably from
the observed Diurnal Tide at the solstices, the difference being due to the Solar
Diurnal Tide

;
in this way the Solar Diurnal Tide was in its turn calculated ap-

proximately from the solstitial tides, and the calculated Solar Tide carefully su-
perposed upon the Lunar Tide.

The observed and calculated tides, constructed as just described, were then
compared both with reference to the maximum heights at High and Low Water,
both positive and negative, and with reference to the times of vanishing of the
Diurnal Tide at High and Low Water ; and from this comparison the constants
used m the construction were corrected, and the heights and times again com-
pared, until the agreement was as close as the observations would allow.

The constants thus successively corrected are given at the end of the
Table of Diurnal Tides, for each station, and the comparison of the observed

g2
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and calculated tides is also given, so as to afford a very good idea of the degree

of agreement between the observations and theory.

The constants of equation (2) are:

—

Lunar Diurnal Tide.

1. Age of Tide.

2. Lunitidal Interval = «„.

3. Coefficient of Lunar Tide = M.

Solar Diurnal Tide.

4. Age of Tide.

5. Solitidal Interval — i,.

6. Coefficient of Solar Tide = S.

These constants were found as follows, from the comparison of the observed

and calculated tides.

1. The Age of the Lunar Tide was found from the comparison of the times

of vanisliing of the observed and calculated tides.

2. The Lunitidal interval, = i^, was found from the equation,

. . Range of Lunar Diurnal Tide at High Water
^ "'^~ Range of Lunar Diurnal Tide at Low Water' ^ ''

3. The Lunar coefficient, = M, was found from the equation,

£\Ti/--c\/ 1 c\ . /(Range of Luniir Diurnal Tide at High Water)' /i\
231 sm 2 (max. value of /i) = V ^ ^^^^„^ ^f Limar Dim-nal Tide at Low Water)=- W
4. The Age of the Solar Tide was not determined.

5. The Solitidal interval, = z,, was found from the comparison of the solsti-

tial intersections of the observed Diurnal Tide with the calculated Lunar Tide.

6. Tlie Coefficient of the Solar Tide, = S, was found from the equation,

—

2<S sin 2 (max. value of a) = Maximum Range of Solar Diurnal Tide. (5)

I shall now proceed to the description of the Diurnal Tide at each Station,

and the results obtained from the comparison of the observed and calculated

tides, reserving for the conclusion of this Memoir some general reflections sug-

gested by the facts observed at the different Stations.
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Section III.

—

Diurnal Tide at Castletownsend.

Date.
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Diurnal Tide at Castletownsend—continued.

Date.
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Diurnal Tide at Castletownsend—continued.
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DinENAL Tide at Castletownsbnd—continued.
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kind of certainty into a Solar and Lunar Tide. I, therefore, supposed the tide
to be due to the Moon only, and made the following inferences, which I do not
however, consider as of high value.

The mean of all the maximum values of the tide at High Water was found
to be + 0-0885 and - 00835, giving an average range at High Water of 0-1720.

The mean of all the maximum values at Low Water was found to be
+ 0-0820 and -0-0906, giving an average range at Low Water of 0-1726.

If, therefore, h and I represent the ranges of Diurnal Tide at fLgh and Low
Water respectively, we have by equation (2)

h = 2Msin (2 Max. Declination) x cos (?n -?,„),

^= 2J/sin (2 Max. Declination) x cos (90°+ tw - /'„),

and consequently, by equation (3),

J
= - cot {m-i^).

Substituting for h and I their values we find,

0-1720

^q-^ = cot {m - ?„) = cot (45° 6'),

and converting 45° 6' into time, we have

m-i„,= i" e*";

but 7», at the time of High Water, is the Establishment at Castletownsend ex-
pressed in local time, and is equal to 4'' 17"' ; therefore 4=1" 11"".

Equation (4) also gives us the relation

2Ms\n (2 Max. Declination) =: \/F+7l
Hence,

sm42° 0-669

If, therefore, the Diurnal Tide at Castletownsend be supposed wholly due to
the Moon, it may be expressed by the formula

-O = 0-181 sin 27< cos (m- 1*1 1").
(g)

In this equation, ^, the Moon's declination, is to be assumed for a period preceding
the time of observation; but the length of this period or Age of the Tide could
not be ascertamed in consequence of the irregularity of the times of vanishing

VOL. XXIII. g
^
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It appears from the preceding investigation, that the maximum effect in rais-

ing or lowering the sea, produced by the Diurnal Tide at Castletownsend, is,

0-181 ft. X sin 42° = 0-1 17 ft. = 1-4 inches,

the total effect both ways being less than three inches ; consequently the water

will be raised 1-4 in. when the Moon has crossed the meridian l* ll", and de-

pressed by the same amount when the Moon has crossed the lower meridian

1" 11"'.

It is not surprising that it should be difficult to separate such a small effect

as this into a Solar and Lunar Tide.

Section IV.

—

Diurnal Tide at Caherciveen.

Date.
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Diurnal Tide at Cahkeciveen—continued.
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DinBNAL Tide at Caherciveen— continued.
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Diurnal Tide at Caherciveen—continued.

Date.

1851.

JuDe 1

2

3
4
5

6

7,8
9
10

11

12

13
14

15

16

17
18

19
20
21

22
23
24
25
26
27
28

29
30

July 1

2

3
4

5
6,7

8

9
10
11

12

13

14

15

16

17

Diurnal Tide at

High Water.

+ 131

+ •081

+ •087

+ •200

+ 175
+ •037

-•056

-143
-150
-•306
-•181

-•237
-•212
-•281

-•343
-•356
- 293
-•281

-•231

-•200
-•206

—050
+ •006

-•012

+ •068

+ •143

+ •187

+ •206

+ •206

+ •212

+ 218
+ •237

+ •187

+ •150

+ •068

-018
-•175
-•143
-•231

-•325

-368
—393
-318
-356
-331

Diiimal Tide at

Low Water. Date.'
Diurnal Tide at

High Water.

11.30 A.M.

-•137
-•212
-•406
-475
-462
-•556
-•475
-•.306

-168
-•306
-•112

+ •006

+ •175

+ •250

+ 293
+ •331

+ •343

+ •412

+ 368
+ •406

+ •306

+ •268

+ •212

+ •112

+ •006

-•431

—500
—181
—231
-•281

—481
-•712
-•562
-500
-•425
-•262
-•150

-056
+ •131

+ •231

+ •268

+ •200

+ •318

+ •350

+ •393

Aug.

1851.

July 18

19
20
21

22
23
24
25
26

27
28
29
30
31

1

2
3

4,5
6
7

8

9
10

11

12

13
14

15

16

17
18

19
20
21

22
23
24
25
26
27
28
29
30
31

Sept.1,2

-•256
-•162
-225
-•137

-018
+ •062

+ •037

+ •125

+ •168

+ •225

+ •143

+ •162

+ •168

+ •212

+ •256

+ •200

+ •162

+ •068

-•106
-•200
-•243
-•306

-306
-•275

-350
-•400
-•306
-•300
-•237
-•212
-•162
-•056

-006
+•075

+ •143

+ •112

+ •075

+ 012
+ •093

+•256

+•175
+•150

+ •143

+•118
+•025

Diurnal Tide at

Low Water.

+ •306

+ •406

+ •.356

+ 325
+ •268

+ •187

+ •043
-•025
-•150
-•206

-•281

-•393
-412
-493
-437
-.368
-312
-•200
-•175
-081
+ 093
+•200
+•225

+•187
+•325
+•318
+•281

+•287
+•318

+ •256

+ •231

+ •250

+ •118

-•037
-•125

+•256
+•368
-•337
-•400
-•306
-•306
-•356

-•337
-•206
-•087
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DiuENAL Tide ai Caherciveen—continued.
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Diurnal Tide at Cahercivebn—coiUinued.
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Eange of Lunar Tide at High Water = h- 0-35 ft.

Range of Lunar Tide at Low Water = I = 0-53 ft.

Hence, by equation (3),

0-530
cot(m-L) = ^rT^=cot(5G° 34'),

•which, converted into time, gives

m - i,„ = 3" 54"'

;

but m, the Moon's Hour-angle at High Water in Caherciveen time is 3'' 48"',

and, therefore,

/„. = 0* 6"*.

By equation (4), we have

Max. value of 2M sin 2/. = \/(0'35)^ + (0-53)' = 0-635 ft.

From which we obtain

ilf= 0-480 ft.;

and since the maximum value of the Solar Tide at High Water is 0-245 ft., we

have by equation (5),

Max. value of 2^5 sin 2a = 0-490 ft,

therefore,

5= 0-335 ft.

Combining together the preceding results, we have the following Tidal Con-

stants for Caherciveen:

—

1. Lunitidal Interval = 0'' 6".

2. Solitidal Interval = 3' 28".

3. Age of Lunar Tide at High Water = 5" 4\

Age of Limar Tide at Low Water = i'' W.
4. Lunar Coefficient = 0-480 ft.

5. Solar Coefficient = 0-335 ft.

6. Ratio of Solar to Lunar coefficient,

or -^^ = 0698.M
The Solar and Lunar Tides were constructed from the preceding constants,

and compared with the observed Tides. The results of this comparison are con-

tained in the following Tables :

—
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Cauerciveen.—Table A.

Comparison of the Observed and Calculated Didbnal Tides at Caherciveen at High Water;

Positive Heights for Sixteen Lunatiom, commencing 1850, October 20'' 17'' 30'", and ending 1852,

January V U'' 54'".

No.
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Caherciveen.—Table C.

Comparison of the Observed and Calculated Diurnal Tide at Caherciveen, at Low Water; Posi-

tive Heightsfor Sixteen and one-half Lunations, commencing 1850, October 9'' 2* 3'", and ending

1852, January 5'' 15'' 6"".

No.
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Cahebciveen.—Table E.

DiFFEEENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Caherciveen, at High

Water, expressed in Lunar Days.

Age of Lunar Tide = 5'' 4*.

No.
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Section V.

—

Diurnal Tide at Bunown.

Date.



Diurnal Tides on the Coasts of Ireland. 61

DiUBNAL Tide at Bunown—continued.
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DiuENAL Tide at Bunown—continued.

1
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Diurnal Tide at Bunown—continued.

Date.
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I.—Diurnal Tide in Height at High Water.

1. Maximum value of Lunar Tide for Positive Heights - 0-20 ft.

2. Maximum value of Lunar Tide for Negative Heights = 0-28 ft.

3. Maximum value of Solar Tide = 025 ft.

4. Diurnal Solitidal Interval =^ 2* 52'".

5. Age of Lunar Tide = 4" 9'.

ll.—Diiirnal Tide in Height at Low Water.

1. Maximum value of Lunar Tide for Positive Heights =0-30 ft.

2. Maximum value of Lunar Tide for Negative Heights = 0-40 ft.

3. Maximum value of Solar Tide = 0-25 ft.

4. Diurnal Solitidal Interval := 2'^ 52"-.

5. Age of Lunar Tide == 4" 9\

Adding the first two of each of the preceding, we find

Range of Lunar Tide at High Water = 0-48 ft.

Eange of Lunar Tide at Low Water = 0-70 ft.

Hence, by equation (3),

cot (m - z,„) =
^pyq

= cot (55 ),

or,
»H-i„. = 3M7'»;

but since m, at High Water, is the Moon's Hour-angle, west of Bunown Meri-

dian, and is 4" 18"", we find,

j„ = 0" 31"".

By equation (4), we have

Max. value of UI sin 2,^ = ^/(0•48y + (O-TO)'^ = 0-848 ft.

From which we obtain

M^ 0-646 ft
;

and since the maximum value of the Solar Tide is 0-250 ft., we have by equa-

tion (5),
Max. value of 25 sin 2(t = 0-500 ft,

and, therefore,

5=0-342 ft.

Combining these results, we have as Tide Constants at Bunown:

—
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1. Lunitidal Interval = 0'' 3 1"".

2. Solitidal Interval = 2* 52°'.

3. Age of Lunar Tide at High Water = 4" 9*.

Age of Lunar Tide at Low "Water = 4'' 9\
4. Lunar Coefficient =0646 ft.

5. Solar Coefficient = 0-342 ft.

6. Ratio of Solar to Lunar Coefficient,

or — = 529.M
The Solar and Lunar Tides at Bunown were constructed from the foregoin-

Constants, and compared with the observed Tides. The results of the compa°
rison are given iu the following Tables :

Bunown Table A.

Comparison of the Observed and Calculated Diurnal Tides at Bunown at Hiyh II ate- • Po,,-
tive HcHjhtsfcr Thuteen Lunations, commencing 1851, January W 16" 42-, and emlinu 1851
December ZV W' 2Q"'.

^

No.

1

2

3
4
5

6-

7
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BtiNowN Table C.

Comparison of the Observed and Calculated Diurnal Tides at Bunoivn at Low Wafer; Posi-

tive Heights for Thirteen and a halfLunations, commencing 1851, January 7,'' 10'' 54"', and ending

i 852, Jamiary 2" IV 39"'.

No.
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BuNOWN.

—

Table F.

Difference of Observed and Calcidated Times of Vanisldnrj of Diurnal Tide at Bunown, at Low

Water, expressed in Lunar Days.

Age op Lunae Tide = 4'' 9*.

No.
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DiDRjJAL Tide at Rath.mullan—continued.
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Diurnal Tide at Rathmdllan—continued.

Date.
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DiUENAL Tide at Rathmullan— conft'naefi?.
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DiuBNAi:, Tide at Rathmullan—continued.

Date.
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DiUENAL Tide at Rathmullan—continued.

Date.
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Hence, by equation (3),

cot(m-4) =^ = cot(23°28'),

which, converted into time, gives

m - in, = P 37""

;

but m, the Moon's Hour-angle at High Water, is, in Rathmullan time, 5'' 43'";

and, therefore,

4 = 4" 6"-.

By equation (4), we have

Maximum value of 23/ sin 2/i = /(0-76)^ + (0-33)' = 0-829 ft.

From which we obtain

l/=0-632ft.
;

and since the maximum value of the Solar Tide is 023 ft., we have by equa-

tion (5),

Max, value of 25 sin 2<t = 0-4G ft.,

and, therefore,

5=0-315 ft.

Combining together the preceding results, we obtain the following Diurnal

Tidal Constants for Kathmullan :

—

1. Lunitidal Interval = 4* 6'".

2. Solitidal Interval = 9" 40"".

3. Age of Lunar Tide at High Water =5'' 10".

Am of Lunar Tide at Low Water = 4" 20".

4. Lunar Coefficient = 0-632 ft.

5. Solar Coefficient = 0-315 ft.

6. Ratio of Solar to Lunar Coefficient,

or 4=0-498.M
The Solar and Lunar Tides were carefully constructed from the preceding

Constants, and compared with the observed Tides. The results of this compa-

rison are given in the six following Tables:—
VOL. XXIIl. L
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Ratiimollan Table A.

Comparison op the Observed and Calculated Didrnal Tides at Rathmullan at High Water;

Positive Heights for Fifteen Lunations, commencing 1850, N'ovember5'' 12* 21", and ending 1851,

December 22" Itf- 45'".

No.
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Rathmullan Table D.

Comparison of the Observed and Calculated Diurnal Tides al Ralhvmllan at Low Water;

Negative Heightsfor Fifteen and one-half Lunations, commencing 1850, November 6'' 16'' 15"", and

ending 1852, January i' 8'' 30".

No.



76 The Rev. Samuel Haughton on the Solar and Lunar

Rathmullan Table F.

Difference of Observed and Calculated Times of Vanishing of Diurnal Tide at RathmuUan, at Low

Water, expressed in Lunar Days.

Age of Lunar Tide = 4'' 20*.

No.
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Diurnal Tide at Portrush—continued.
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Diurnal Tide at Portiiush—continued.

Date.
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DinENAL Tide at Portrush—continued.

Date.
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Diurnal Tide at Portrush—continued.

Date
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Adding the first two of each of the preceding, we obtain

Range of Lunar Tide at High Water = 0-59 ft.

Range of Lunar Tide at Low Water = 0-34 ft.

Hence, by equation (3),

cot(m-L)=J:|^=cot(29'57'),

or, converting the arc into time,

m-i,„ = 2M"';

but since ni is the Moon's Hoiu:-angle, in Portrusli time, at High Water, and

is equal to 5'' 47"", we have, finally

/„. = 3'^ 43'".

By equation (4), we have

Max. value of 21/ sin 2ju = a/(0-59)= + (0-34y = 0-681 ft.

From which we obtain

ilf= 0-519 ft.

Also, since the maximum value of the Solar Tide is 0-25 ft., we have

Mas. value of 25' sin 2(t = 0-500 ft,

and,

5=0-342 ft.

Combining these results, we have for Tide Constants at Portrush:

—

1. Lunitidal Interval = 3" 43"'.

2. Solitidal Interval = 11'^ SO"".

3. Age of Lunar Tide at High W^ater = 5" 9*.

Age of Lunar Tide at Low Water = 4'' 19*.

4. Lunar Coefiicient = 0-519 ft.

5. Solar Coefiicient = 0-342 ft.

6. Ratio of Solar to Lunar Coefiicient,

—

4 = 0659.M
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The Theoretical Tides were constructed with the foregoing Constants, and

compared with the observed Tides. The results of the comparison are given in

tlie six following Tables

PoRTRUSH Table A.

Comparison of the Observed and Calcdlatbd Diurnal Tides at Portrnsh at High Water; Posi-

tii'e Heights for Fifteen Lunations, commencing 1850, November 7'' T' 45'", and ending 1851, De-

cember 22'' 5'' 35'".

PoRTRUSH.

—

Table B.

Comparison of the Observed and Calculated Diurnal Tides at Portrush at High Water; Nega-

tive Heights for Fifteen Lunations, commencing 1850, November 7'' T' 45°', and ending 1851, De-

cember 22'' 5'' 35-".

No.
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PoRTRUsu Table C.

Comparison of the Observed and Calculated Didrnal Tides at Portrush at Loio Water; Posi-

tive Heights for Fifteen Lunations, commencing 1850, November 6'' 15'' 24"', and ending 1851, Z)e-

cemJer 21'' 16''30'».

No.
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PoETRDSH.

—

Table F.

Difference of Observed and Calculated Times of VaniMng of Diurnal Tide at Portrush, at Low
Water, expressed in Litiiar Days.

Age of Lunar Tide = 4'' 19''.

No.
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Diurnal Tide at Cdshendall—continued.
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Diurnal Tide at CnsnENDALL— co?!<(««erf.

Date.



SR
T TTaitghton on the Solar and Lunar

The Rev. Samuel HAtGHTois

CusHENDAl.L-con<in««i-
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Diurnal Tide at Cushendall—continued.

Date.
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I.

—

Diurnal Tide at High Water.

1. Maximum value of Lunar Tide for Positive Heights =0 50 ft.

2. Maximum value of Lunar Tide for Negative Heights — OoB ft.

3. Maximum value of Solar Tide =0-30 ft.

4. Diurnal Solitidal Interval =11'' 25"".

5. Age of Lunar Tide = 6'' 18" 41'".

n.

—

Diurnal Tide at Low Water.

1. Maximum value of Lunar Tide for Positive Heights = 0'355 ft.

2. Maximum value of Lunar Tide for Negative Heights =0'45 ft.

3. Maximum value of Solar Tide = 0-25 ft.

4. Duirnal Solitidal Interval = 11" 25"".

5. Age of Lunar Tide = 5'' 2* 45'".

Adding the first two of each of the preceding results, we find,

Range of Lunar Tide at High Water = 0-83 ft.

Range of Lunar Tide at Low Water = 080o ft.

Hence, by equation (3),

cot(«i-/.) =^ = cot(44°7'),

or, converting the arc into time,

m - /„. = 3" 2'"

;

but since m, the Moon's Hour-angle at High Water, expressed in Cushendall

time is 10'' 18'"; we obtain,

2;. = 7" 16'".

By equation (4), we have

Maximum value of 23/ sin 2/x =^(0-83)' + (0-805)'= 1156 ft.

I'roui which we obtain

i!f=0-88Ift.
;
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also, since the mean value of the Solar Tide is 0-275 ft., we have,

Max. value of 25 sin 2(7 = 0-550 ft.,

5=0-376 ft.

Combining the foregoing results, we find for the Tide Constants at Cushen-

dall :—

1. Lunitidal Interval = 7" 16'".

2. Solitidal Interval = 11" 25™.

3. Age of Lunar Tide at High Water = 6" 18* 41"'.

Age of Lunar Tide at Low Water = 5" 2* 45"

4. Lunar Coefficient = 0-881 ft.

5. Solar Coefficient = 0-376 ft.

6. Eatio of Solar to Lunar Coefficient,

or ^=0-427.M
The Theoretical Tides were constructed with the foregoing Constants, and

compared with the observed Tides. The results of this comparison are con-

tained in the following Tables:

—

CnSHENDALL TaBLE A.

Comparison op the Observed and Calculated Diurnal Tides at Cushendall at Hirjh Water;

Positive Heights for Thirteen Lunations, commmcing 1851, January i'' 22* 33'", and ending 1851

December 23'' 9'' 54'".

No.
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Cbshendall.—Table B.

Compab:son of the Observed and Calcdlated Didrnal TroES at Cushendall at High Water;

Negcitive Heightsfor Thirteen and one-half Lunations, commencing 1851, January 2'' 22' 33'", anil

ending 1852, January 6'' 2'' 30'".

No.
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CnsHENDALU—Table E.

Difference of Observed and Calculated Times of Vanishing of Diurnal Tide at CuokendaU, at High
Water, expressed in Lunar Days.

Age of Lunar Tide = G"* 18'' 41'".

No.
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DiUBNAL Tide at Donaguadee—continued.

Date.



96 The Rev. Samuel Haughton on the Solar and Lunar

Diurnal Tide at Donaghadee—continued.
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DiDHNAL Tide at Donaghadee—continued.

Date.
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Diurnal Tide at Donaghadee—continued.

Date.

1851.
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From the preceding Tables the Solar and Lunar Diurnal Tides at Do-

naghadee were calculated separately, and found to give the following results :

—

I.

—

Diurnal Tide at High Water.

1. Maximum value of Lunar Tide for Positive Heights = 042 ft.

2. Maximum value of Lunar Tide for Negative Heights =: 0'38 ft.

3. Maximum value of Solar Tide = 0-28 ft.

4. Diurnal Solitidal Interval = 11" 12°'.

5. Age of Lunar Tide = 6" 5".

IL

—

Diurnal Tide at Low Water.

1. Maximum value of Lunar Tide for Positive Heights = 0-39 ft.

2. Maximum value of Lunar Tide for Negative Heights — 0-42 ft.

3. Maximum value of Solar Tide = 0-28 ft.

4. Diurnal Solitidal Interval = 11* 12"".

5. Age of Lunar Tide = 5" 2\

Adding the first two of each of the preceding, we obtain

Range of Lunar Tide at High "Water = 0-80 ft.

Range of Lunar Tide at Low Water = 0'81 ft.

Hence, by equation (3),

cot(m-?„.) =^ = cot(45°21'),

or, converting the arc into time,

m - 4 = 3" 7"-

;

but since m is the Moon's Hour-angle, in Donaghadee time, at High Water, and

is 10" 40"", we obtain, finally,

»„. = 7" 33'".

By equation (4), we have

Max. value of 2M sin 2m =V(O-SOy+JO-81)' = 1 -1 39 ft.

o2
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From which we obtain

il/= 0-868 ft.

Also, since the maximum value of the Solar Tide is 0-28 ft., we have, by

equation (5),

Max. value of 2S sin 2o- = 0-56 ft.,

and,
5"= 0-383 ft.

Combining these results, we have for the Tide Constants at Donaghadee:

—

1. Lunitidal Interval - 7* SS*".

2. Solitidal Interval = 11'' 12"'.

3. Age of Lunar Tide at High Water = 6'' 5".

Age of Lunar Tide at Low Water = 5'' 2*.

4. Lunar Coefficient =: 0-868 ft.

5. Solar Coefficient = 0-383 ft.

6. Ratio of Solar to Lunar Coefficient,

—

or 4 = 0-441.M
The Theoretical Tides at Donaghadee were constructed with the forego-

ing Tide Constants, and compared with the Observed Tides, with the follow-

ing results:

—

Donaghadee Table A.

Comparison of the Obseeved and Calcdlated Didenal Tides at Donaghadee at High Water;

Positive Heights for Sixteen and a half Lunations, commencing 1?,S0, September 29'' 5'' 5V", and
ending 1851, December 22'' 22* 24"'.

No.



Diurnal Tides on the Coasts of Ireland.

DONAGHADEE.

—

TaBLE B.

101

Comparison of the Observed and Calculated Diornal Tides at Donaghadee at High Water-

K7a««ar S--
21^2""'''" ^'"^^'°'^' <=<"»'«««"«!? 1850, September 29" 5" 51-, Ind ending

No.



102 The Rev. Samuel Haughton on the Solar and Lunar

DONAGHADEE.—TABLE E.

Difference of Observed and Calcttlaied Times of Vanishing nf Diurnal Tide at Donaglmdee, at High

Water, expressed in Lunar Days.

Age op Lunar Tide = 6'* 5*.

No.
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Diurnal Tide at Kingstown—continued.
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Diurnal Tide at Kingstown— continued.

Date.
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Diurnal Tide at Kingstown—continued.
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DiuBNAL Tide at Kingstown—continued.
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Range of Lunar Tide at High Water = 0-625 ft.

Range of Lunar Tide at Low Water - 0-670 ft.

Hence, by equation (3),

0-625
cot {m - L) = ^^^ = cot (47°),

or, converting the arc into time,

VI - i„ = 3" 14"

;

but since m is the Moon's Hour-angle, in Kingstown time, at High Water, and

is equal to 10* 53""; "we find,

i„ = 7» 39"-.

By equation (4), we have

Maximum value of 2if sin 2/i = y(0-625)^ + (0-670)^ = 0-916 ft.

From which we obtain

J/= 0-690 ft.
;

also, since the maximum value of the Solar Tide is 0-255 ft., we find,

Max. value of IS sin 2(7 = 0-510 ft.,

and.

5= 0-348 ft.

Combining these results, we obtain as Tide Constants at Kingstown :—

1. Lunitidal Interval = 7" 39".

2. Solitidal Interval = 10" 26"".

3. Age of Lunar Tide at High Water = 6'' 17*.

Age of Lunar Tide at Low Water = A^ 11*.

4. Lunar Coefiacient = 0-690 ft.

5. Solar Coefficient = 0-348 ft.

6. Ratio of Solar to Lunar Coefficient,

or 4^= 0-504.M
The Theoretical Tides were carefully constructed with the foregoing Con-

stants, and compared with the observed Tides. The results of the compari-

son are contained in the following Tables:

—
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Kingstown Table A.

CoMPABisoN OF THE OBSERVED AND CALCULATED DiuRNAL TiDES at Kingstown at High Water;

Positive Heights for Thirteen and one-half Lunations, commencing 1850, December 19'' 3', and

ending 1851, December 22'' 14' 30"

No.
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Kingstown.—Table D.

Comparison of the Observed and Calculated Diurnal Tides at Kingstown at Low Water;

Negative Heightsfor Thirteen Lunations, commencing 1850, December 30' l' 3'", and ending 1851,

December 20'' 14* 41"'.

No.
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ICiNGSTOWN Table F.

Difference of Observed and Calculated Times of Vanishing of Diurnal Tide at Kingstown, at Low

Water, expressed in Lunar Days.

Age of Lunar Tide = 4' 1 1*.

No.
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Diurnal Tide at Couetown—continued.
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Diurnal Tide at Courtown—continued.
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Diurnal Tide at Courtown—coittinued.
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Diurnal Tide at Courtown—continued.
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Diurnal Tide at Courtown—continued.
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Adding together the first two of each of the preceding results, we find

Range of Lunar Tide at High "Water = 0-80 ft.

Range of Lunar Tide at Low Water = 0-50 ft.

Hence,by equation (3),

cot(m-2„.)=QT5Q = cot(32^),

or, converting the arc into time,

m-i^ = 2'' 12°';

but since m, the Moon's Hour-angle at High Water, expressed in Courtown

time, is 7'' 40"", we obtain

?„ = 5'' 28".

By equation (4), we have

Max. value of 231 sin 2;" = \/(0-80)' + (0-50)' = 0-943ft.

From which we find

ilf=0-719ft.

Also, since the mean value of the Solar Tide is 0'30 ft., we have

Max. value of 2S sin 2(t = 0-600 ft.,

and, therefore,

;?= 0-410 ft.

Combining the foregoing results, we obtain for the Tide Constants at Cour-

town:

—

1. Lunitidal Interval = 5* 28".

2. Solitidal Interval = 5'' 1".

3. Age of Lunar Tide at High Water = 6" 22\

Age of Lunar Tide at Low Water = 3" 12*?

4. Lunar Coefficient =0-719 ft.

5. Solar Coefficient = 0-410 ft.

6. Ratio of Solar to Lunar Coefficient,

—

or 4 = 0-570.

The Theoretical Tides at High AVater were constructed with the forego-

ing Constants, and compared with the Observed Tides. The results of this

comparison are contained in the following Tables:



118 The Eev. Saiiuel Haughton on the Solar and Lunar

CouRTOwN.

—

Table A.

Comparison of the Observed and Calculated Diurnal Tides at Coiirtown at High Water;

Positive Heights foi- Fifteen and a half Lunation.^, commencing 1850, November 7'' 9'' 48"', and

ending 1851, December 31'' 14'' 36'".

No.
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The agreement between Theory unci Observation, shown in the preceding

Tables, is very satisfactory, and were it not for the difficulties presented in the

Low Water Observations, we would consider the Tides at Courtown well re-

presented by the Theoretical Tides. This discrepancy between Theory and

Observation at Courtown is probably connected witli the peculiarities of the

Courtown Tides, which have been brought to light by the Astronomer Royal,

in his discussion of the Semidiurnal Tide at this Station.

Section XII.—Diurnal Tide at Dunmore East.

Date.
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DiuKNAL Tide at Dunmore East—continued.
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DiuKNAL Tide at IU-nmore 11lst-continued.

Date. Diurnal Tide at
High Water.

1851.
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Diurnal Tide at Dunmobe Y^ksr— continued.
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Diurnal Tide at DnNMORE East—continued.
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I.—Diurnal Tide at High Water.

1. Maximum value of Lunar Tide for Positive Heights =:0 22 ft.

2. Maximum value of Lunar Tide for Negative Heights := 0-21 ft.

3. Maximum value of Solar Tide =0-14 ft.

4 Diurnal Solitidal Interval =5'' IS".

5. Age of Lunar Tide = 5" 19\

II.—Diurnal Tide at Low Water.

1. Maximum value of Lunar Tide for Positive Heights = CIS ft.

2. Maximum value of Lunar Tide for Negative Heights = 0-19 ft.

3. Maximum value of Solar Tide =0-14 ft.

4. Diurnal Solitidal Interval = 5* 15".

5. Age of Lunar Tide = 5" U\

Adding together the first two of each of the preceding, we find,

Range of Lunar Tide at High Water = 0-43 ft.

Range of Lunar Tide at Low Water = 037 ft.

Hence, by equation (3),

cot(™-0 =^ = cot(40M3'),

or, converting the arc into time,

w,-L=2M8'";

but since m, the Moon's Hour-angle at High Water, expressed in Dunmore time,

is 4'' 36"" ; we obtain,

i„=l*48".

By equation (4), we have

Maximum value of 2M sin 2/. = ^JWW+W^' = ^'^^'^ ^^

From which we obtain

J/^ 0-441 ft. •,
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also, since the mean value of the Solar Tide is 0-14 ft., we have, by equation (5),

Max. value of 2S sin 2<r= 0-28 ft.,

5'= 0-192 ft.

Combining the foregoing results, we obtain for the Tide Constants at Dun-

and,

more :

—

1. Lunitidal Interval = 1* 48".

2. Sohtidal Interval =5'' 15"".

3. Age of Lunar Tide at High Water = 5" 19*.

Age of Lunar Tide at Low Water = 5" 14*.

4. L\mar Coefficient = 0-441 ft.

5. Solar Coefficient = 0-192 ft.

6. Ratio of Solar to Lunar Coefficient,

or 4=0-436.M
The Theoretical Tides were constructed with the foregoing Tide Constants,

and compared with the observed Tides, with the following results:—

D0NMOKE Table A.

Comparison op the Observed and Calculated Didrnal Tides at Dimmore at High Water;

Positive Heights for Seventeen Lunations, commencing 1850, September 11'' 21'' 30"', and ending

1851, December 20"' 15'' 42'".

No.
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DuNMOEE.

—

Table B.

Comparison of the Observed and Calculated Diurnal Tides at Dunmore at High Water;

Negative Heights for Seventeen Lunations, commencing 1850, September 11'' 21* 30'", and ending

1851, December 20'' IS* 42'".

No.
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DuNMORE.

—

Table E.

Difference of Observed and Calculated Times of Vanishing of Diurnal Tide at Dunmore, at High

Water, expressed in Lunar Days.

Age op Lunar Tide = S"* 19*.

No.
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Section XIII.

—

General Conclusions Respecting the Diurnal Tide.

Having discussed in detail the Solar aud Lunar Diurnal Tides at each Station,

it now remains to make a few comparisons of the results obtained. An inte-

resting comparison of the Solar and Lunar Tide may be made at each Station,

with respect to the relative influence of the Sun and Moon ; with respect to

the Tidal Intervals and Establishment ; and with reference to the Age of the

Tide.

L

—

Relative Effects of the Sun and Moon.

Arranging our Stations in two groups, —Atlantic and Channel Stations,

—

we form the following Table from the Constants previously given:

—

Relative Effects of the Sun. and Moon.
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. 0-33 deduced from Heights.

. 0-34 do. do.

. 03.5 deduced from Times.

. 0-38 do. do.

Page
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^ (Semidiurnal Tide)= 359551 x 63,

M
^ (Diurnal Tide) = 359551 x 95.

M
It „m be seen from 4e foregoing results, that the mass of the Moon as com-

rlawUh that of the Earth, ded.ced fron,

^^'"^^f^^'^'^J^^^^'
^' " '°°

t wl.ilP fhnt deduced from the Diurnal Tide, ^, is too small.

the tnar C«fEcient, „ the Semiaiurn.1 Tide, is given by Ure equatron,*

Semidiurnal Solar^oefficient ^S^^ 4r—I" ^^^

S^SidhiS^ Lunar Coefficient M D' ^_^

la this equation, n, n' denote the angular velocities of the Sun and Moon
;

k, b

JL meXth of the sea, and mean radius of the Earth
;
and , the force of

gravity. Using the known values of these quantities, we find,

— = 0-00345,

9

^ = 0-00323,

9

|xJ= 0-47288,

Substituting these values in (8), and taking the value of the left-hand mem-

ber from Mr. Airy's Observations of Semidiurnal Tide, we find:-

00323-^
_

0-35 = 0-47 X
j:

From which we obtain.

00345 -
j^

• Airy, " Tides and Waves," p. 3-57
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k_ 1

• 6~386'

7912
and, replacing b by its value —^— , we find,

k = depth of sea = 10"25 miles.

This result differs considerably from that found by Mr. Airy, from other

considerations respecting the Semidiurnal Tide, viz., 22 miles ;* but it differs,

in the opposite direction, from the depth deducible from the Diurnal Tides, by

the aid of the Dynamical Theory. According to this theory, the ratio of the

Solar to the Lunar Coefficient, is given by the following equation:

—

n"b , k

Diurnal Solar Coefficient _ S d' g b /n\

Diurnal Lunar Coefficient ~Jl^lT'^n'b k ^ '

Substituting, in this equation, the values already given, and assuming the left-

hand member from the Diurnal Tide Observations, we obtain,

0-00323 - 4
^

0-53 = 0-47
j_-

000345 - 4 ^

from which we deduce,

k_ _!_
6~773'

and finally,

k = depth of sea = 5"12 miles.

It may be interesting to calculate from equation (9), what should be the

ratio of the Solar to the Lunar Coefficient in the Diurnal Tide, from the Con-

stants of the Semidiurnal Tide, deduced from IVIr. Airy's observations.

k
Substituting, in this equation, for j, its value from the Semidiurnal Obser-

vations,
ggg,

we find,

* "Philosophical Transactions" for 1845, p. 105.

s2
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Diurnal Solar Coefficient _ ^^^ ^ 713 _ Q.^g^
Diuraal Lunar Coefficient 691

a result, whicli although sensibly diiFerent from the value deduced from obser-

vation, viz. 0-5305, yet is not inconsistent with it ; and inasmuch as it is greater

than 0-35, the Semidiurnal Coefficient, it lies in the right direction, and is so

far a confirmation of Theory.

If, on the other hand, we calculate the Semidiurnal ratio of Coefficients from

equation (8), by substituting in it for -, its value —^, deduced from the Diur-

nal Observations, we find.

Semidiurnal Solar Coefficient _ 194 _ q.^qo

Semidiurnal Lunar Coefficient 216

a result which differs considerably from the mean value, 0-35, deduced from

Mr. Airy's Observations.

If we compare the results just obtained from the Diurnal Tide Observations,

with the results deduced by Laplace from Semidiurnal Tides observed at Brest,

we shall find that there is a very striking agreement. In the Mecanique

Celeste, torn. v. p. 206 {Paris, 1825), the ratio of the Semidiurnal Lunar

Coefficient to the Solar Coefficient, deduced from observation, is stated to be

2-35333, from which Laplace infers the Moon's mass to be yj^; from this

result we find,

Semidiurnal Solar Coefficient _ 1 _ a.49494
Semidiurnal Lunar Coefficient 2-35333

a result almost identical with that just deduced from our Diurnal Constants,

viz., 0-422.

If we substitute Laplace's ratio in equation (8), we find,

425 323 - 100000 -^

345 - 100000 -
b

from which we deduce
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780'
and k = 5-07 miles.

The mean depth of the sea here found agrees with that inferied from the

Diurnal Observations, and is only half that deduced, by me, from Mr. Airy's

Semidiurnal Observations, which, however, accord better with the mean depth

deducible from the Lunitidal and Solitidal Diurnal Intervals, and from the Age

of the Lunar Diurnal Tide, as will be shown presently.

2.

—

The Lunitidal and Solitidal Intervals.

If we place the Lunitidal and Solitidal Intervals in a Table, arranged in the

order of the Atlantic and Channel Stations, we obtain the following results:

—

Diurnal Tidal Intervals and Establishments.
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friction, the phase of High Water is accelerated by an interval equal to the

difference between the Tidal Interval and the period of half a Tide Oscillation.

Subtracting, therefore, the Lunitidal and Solitidal Intervals from 12* 24"", and

12'' respectively, we find the accelerations. In this manner, the first two columns

of the following Table are constructed, and the depths calculated by a method

which will be explained:

—

Accelerations of High Water of Lunar and Solar Diurnal Tide.
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and, substituting the following values,

2iT . 27r

27r

* 86400' * 89280'

7?? =
25000 X 5280'

we find, expressing the depth in miles,

Acceleration of Lunar Tide _13'815 — A .^.

Acceleration of Solar Tide ~ 12-938 - k' ^ ^

It is by the aid of this equation that the depths of the sea given in the

Table are calculated. These depths agree remarkably well together, and

although they diflfer considerably from the depths found from the Heights of

the Lunar and Solar Tides, we shall find them confirmed in a remarkable

manner by the depths of the sea, deducible from the Age of the Lunar Diurnal

Tide.

The progress of the Lunar and Solar Diurnal Tide Wave round the island

is seen from the column of Establishments, from which it appears that the

Diurnal Tide Wave approaches Ireland from the west, and, flowing round the

island north and south, enters the Irish Sea at both extremities
; the two waves

meeting off the coast of Down, in the case of the Lunar Tide ; and further

north, off the Antrim coast, in the case of the Solar Tide.

The direction of the Lunar Tide Wave before it enters the Channel may be

thus ascertained ; let

The distance from Caherciveen to Bunown = a,

„ „ Dunmore =6,
„ „ Portrush = c.

The difference ofEstablishments at Caherciveen and Bunown = a,

„ „ Caherciveen and Dunmore =
/3,

„ „ Caherciveen and Portrush =
y,

The angle between direction of Tide and Bunown . . . = A,

„ „ Dunmore . . . = B,

„ „ Portrush . . . = C,

It is easy to see that we have the following equations,
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a cos A _a
6cosJ5~^'

C12)
a cos A a

e cos C~ y'

aud, since the angle between Bunown and Dunmore is 84°, and between Bunown

and Portrush is 32°, we have also,

A-c = sr.
^^^^

The following values of a, b, c, are found by measurement ; and of a, /3, 7, from

the Table of Establishments,

a= 444, a= 25'",

b= 590, li= 90"',

c = 1207, 7=203".

Introducing these values into equations (12) and (13). we obtain from the first

equation,

^ = 69° 6'
;

and from the second equation,

A = 76° 6'.

The mean of these two values is 72° 36', and since the line joining Caherciveen

and Bunown is a meridian (nearly), it follows that the Lunar Diurnal Cotidal

line, on the west coast of Ireland, is 17° 24' west of north ; and that the

Tide approaches the coast from the W. 17° 24' S.

The Solar Diiu-nal Tide approaches the coast in a different direction, as is

seen from the fact that it arrives at Bunown before it reaches Caherciveen
;

and it also appears to undergo some unexplained retardation in the narrow

channel between Antrim and Scotland, as it arrives at Cushendall and Portrush

later than at any other stations.

3.

—

Age of Lunar Diurnal Tide.

The following Table gives the Age of the Lunar Diurnal Tide at each of

the Irish stations :—
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Age of Lunar Diurnal Tide.
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In this Table, the second column contains the 7nean Age of the Tide ; the

third column the Acceleration of the Tide, both expressed in hours ; the fourth

column contains the ratio of the Age to the Acceleration ; and the last column

exhibits the mean depth of the sea, deduced in a manner which will be ex-

plained.

The mean sea depths of the preceding Table are deduced, as follows, from

Mr. Airy's Theory of Tide Waves with Friction. It is proved ("Tides and

Waves," p. 333), that

Age of Lunidiurnal Tide _ ^' + ^^'wi^ / 1 a-^

Acceleration of Lunidiurnal Tide ~ r — gkm^'

which becomes, introducing the values already given, and expressing k in miles,

Age of Lunidiurnal Tide _ 12-938 + k ,, ,.

Acceleration of Lunidiurnal Tide ~ 12'938 — k'

The sea depths are calculated from the preceding equation, and their mean

value 11-32 miles, is a striking confirmation of the mean depth derived from

the comparison of the Limitidal and Solitidal Intervals ; and at the same time

a confirmation of Mr. Airy's Theory of Tide Waves with Friction. In fact,

the existence of a Tidal Age or Acceleration is altogether due to friction, and,

therefore, the similarity of the two independent results must be regarded as

proving that the values of the Lunitidal Age, and Solitidal and Lunitidal Inter-

vals deduced from observation, agree with each other in the manner indicated

by Theory.

It may be as'ked, how are we to reconcile this value of the mean sea depth

with that deduced from Diurnal Heights, and from Laplace's results of the

Semidiurnal Tides at Brest. Although this question is difficult to answer fully,

yet it should be observed that the results deduced from Intervals and Ages

are more consistent with each other than those deduced from Heights, and also

that they are confirmed by the sea depth deducible from Mr. Airy's Irish

Observations. And it may be also suggested, that probably the depth inferred

from Age and Acceleration is the depth of the sea at a greater distance from

the coast, while the depth deduced from Heights is the depth of the sea after

it has began to shoal, the tide being composed partly of a derivative and partly

of the original Atlantic Tide.
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Is it impossible, or improbable, that the result inferred from Age and Acce-

leration, viz., 11-65 miles, is the depth of the South Atlantic and Antarctic

Oceans, while the depth deduced from Heights, viz., 5-12 miles, is the mean

depth of the eastern portion of the North Atlantic ?

I shall leave this and other intei'esting questions to those concerned in the

Mathematical Theory of the Tides, and shall feel content to have contributed,

as my share, a few facts to serve as a partial basis for reconstructing the

Theory of the Tides, which must be considered at present as a reproach to

Mathematical Science. The separation of the Solar and Lunar Diurnal Tides

on the coasts of Ireland, and the partial investigation of their laws, must be

regarded as an important accession to our knowledge of the Tides—an acces-

sion which must be considered as arising, in a great degree, from the exer-

tions of the Royal Irish Academy.
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III.

—

On the Physical Conditions involved in the Construction of Artillery, and on

some hitherto unexplained Causes of the Destruction of Cannon in Service.

By Robert Mallet, Mem. Ins. Civ. Eng. , F. R. S.

Read June 25th, 1855.

1 .

—

Introductory.

1. IHAT marvellous substance, gunpowder, whose discovery (in Europe at

least) we trace to the cell of Roger Bacon, at Oxford, seems within little more

than sixty years, to have become known and applied, as an engine of warfare

throughout Europe and the East.

So stimulated was the invention, even of those torpid times, by the surpris-

ing nature of the new power conferred, that, but a few years sufiSced to bring

cannon to a size at least, that has never been surpassed in modern days, as, for

example, in the gun of bronze, cast for Sultan Mahomed for the siege of Con-

stantinople, in 1453, of eleven palms in caliber; some of the "confreres" of

which still guard the Dardanelles, and a stone shot from one of which nearly

destroyed a frigate of Admiral Duckworth's squadron in 1806.* (Note A.)

For nearly three hundred years, cannon of great caliber, many of which

were made of separate staves and hoops ofwrought iron, continued the favourite

of artillerists throughout Europe ; so that in Queen Elizabeth's and even in

Cromwell's time, both here and on the continent, field guns were in use, of a

magnitude now scarcely known except as guns of position.

The opinion, however, that guns of less caliber, in greater number, and

served more rapidly, were more efficient weapons, gained ground ; and at the

• De Tott, Travels, &c.
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beginning of last century the caliber of cannon for both land and sea service

was reduced, perhaps, much below the middle point of prudence.

The paper of Mr. Kobins, published in 1746, entitled "A Proposal for new

Arming the British Navy, by boring out all the eighteen pounders to guns of

larger caUber," was perhaps the iirst step towards that return to artillery of the

largest caliber, which characterizes our own day. The progress of these views,

the constant consolidation in construction of fortified places, and improvements

in the strength of ships of war, have all tended to increase the size of modern

artillery, resulting, amongst other improvements, in the Paixhan and Lancaster

guns, the use of hollow shot, &c. (Note B.)

2. During the ages occupied by these mutations, gunpowder itself has

—

through the greater purity of its constituents, greater skill in proportioning and

combining them, and improved methods of preserving and of firing—been greatly

increased in power ; and hence our modern artillery of enlarged caliber is fre-

quently subjected to a strain in service greatly exceeding anything to which

the ancient enormous cannon were exposed, throwing stone shot of light spe-

cific gravity compared with iron balls : and which the confessedly great im-

provements in the manipulation of metals in recent times have as yet scarcely

been able fully to cope with. (Note C.)

3. In considering the strains to which a gvm is exposed when discharged, and

limiting our views to the mere pressure upon its interior, produced by the elastic

gases of the inflamed powder, it is obvious from consideration of the formula

giving the relation between this pressure and the resistance of the cylinder of

the gun,

p.D"^R{D'-D") = 2Be. (1)

In which,

p = the pressure per square inch on the interior of the cylinder
;

D' and D" — the external and internal diameters respectively
;

i2 = the coeiBcient of cohesion of the substance of the gun ;

and e — the thickness of the gun.

That the value of^, the pressure per square inch, at its maximum point

(wherever that may be, between the first instant of ignition, and the balls leav-
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ing the mouth of the gun) is the element upon which alone the chief practical

difficulty of increasing the caliber of cannon depends. (Note D.)

4. Now this increases enormously with every increment of caliber. For

supposing the shot spherical in all cases, its weight increases as D"^, and as

the " work done" by the powder in giving it its final velocity is proportionate

to,

5 being the specific gravity of the shot, and the length of very large guns not

being very much more than those of the smaller ones in use, so that the space

through which the force acts is miich the same, it follows, that the maximum
strain per square inch is greatly augmented. Add to this, that the lineal

windage being the same, the proportionate loss of effort by windage will be

less in the larger gun in about the inverse ratio of the square of the windage,

and finally, when, as is often now the case, cylindrical or cylindro-conoidal shot

are substituted for spherical, and so the ratio of the weight to the bore of the

gun further increased, while the windage is again lessened by the contraction

of the passage of escape due to the elongated form of shot ; all these circum-

stances so increase the pressure per square inch, that the utmost resources of

metallurgic skill are barely able to cope with it. And, besides the above, there

are other causes of increased strain upon the gun; thus the charge of powder

must be augmented largely, but its mass increases much more rapidly than the

internal surface of the cylinder of the gun, which is recipient of the heat of the

inflamed powder, and which carries off heat from its inflamed gases to the cold

metal of the gun ; hence the actual heat available for the expansion and in-

creased tension of the gases is greater as the size of the gun is greater, so that

the pressure due to this cause rises very considerably in large charges ; in other

words, a large mass of powder inflamed in a comparatively cold metallic recep-

tacle will produce an effect more than proportional to that of a much smaller

mass, so that the theoretic and the actual work done by difierent charges shall

sensibly differ.

5. Thus the strain on the gun increasesfaster than D"'. To meet all this, the

thickness of the gun for any given material must be increased largely ; but in

v2
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guns cast in one mass the external portions of the metal are far from bearing a

proportional share of the strain. The pressure per square inch, whatever it may

be, acts most powerfully upon the internal lamina of the bore, and when the

pressure is very great, and the difference between D' and D" is very great also,

the limits of elastic extension are passed as respects the metal of the internal

portions of the gun, and these are torn before any proportionate strain is visited

on the outer portions. The strains producing inceptive rupture being of the

nature of impulsive forces acting upon imperfectly elastic material, it always

happens that a rent commenced, is followed (without any appreciable interval

of time) by the flying to pieces of the whole gun.

6. Accidents of the most fatal character, resulting from the bursting of

heavy iron guns, have been frequent of late years, especially of that class

known as " shell guns," whose proportions unfit them generally for throwing

solid shot: as for example, a 10-inch gun, of 10 feet 6 inches long, of 116 cwt.,

which burst at Shoeburyness on the 18th June, 1852, in firing a hollow shot

of 110 lbs., with a charge of 16 lbs. of powder, at an elevation of 32°, killing

several men ; and another similar, but more fatal, accident, which occurred at

Gibraltar ; while others have taken place under the destructive conditions due

to the confined space between decks in men-of-war.

These accidents have principally occurred to 10-inch and 8-inch guns, and to

68 and 32-pounders of iron; and in solid-shot gims, chiefly either in very rapid

firing, or in firing red-hot shot.

One of the main objects at present in view is to point out some circum-

stances affecting the destruction by bursting of cast-iron guns under such con-

ditions, which appear so far to have been unnoticed or misunderstood by

artillerists—namely, the effects of unequal or local expansion produced by

local inequality of temperature, whether arising from the heating of the gun

internally by red-hot shot or by " quick firing,"—in powerfully increasing the

strain, upon the metal, due to the discharge.

In the progress of the investigation leading to this result, however, I shall

have occasion, incidentally, to treat of most of the important conditions of a

physical character that affect the proper design and construction of artillery, of

whatever magnitude, as well as to point out the chief circumstances upon

which failure depends. In fulfilling my original object, therefore (if success-
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ful), a treatise on the Construction of Artillery has resulted, embracing many

views of not a little interest to science, and, as I believe, new to both the science

and the practice of the gun-founder.

2.

—

Directions of Fracture in Burst Guns.

7. Before entering further upon the subject, however, it may be desirable to

explain briefly the lines or directions of fracture assumed by all heavy cast-iron

guns that are sound, when burst; and to point out some properties due to the

molecular or crystalline structure of cast-iron, upon which in part such lines

of fracture depend, and upon a due regard to which the strength or weakness

of cast guns much depends. In doing so, I shall have occasion to notice,

though too briefly for the importance of the subject, several circumstances and

conditions bearing directly upon the gun-founder's art, which, so far as I know,

have not hitherto been treated of in a determinate manner by any previous

writer.

The Plate No. i. shows by the heavy dotted lines the almost invariable

directions in which fracture takes place when cast-iron guns burst in proof or

in service, assuming no serious flaw or other defect to exist anywhere. The

gun splits up nearly into equal halves, usually by a vertical or nearly vertical

plane, passing through the axis of the piece, and extending from the breech ring,

which it often also divides, longitudinally to a point a little in advance of the

trunnions, where it turns out to one side and to the other, leaving the muzzle

portion of the gun, for a length of between f and ^ its whole length un-

broken. This portion of the gun at the moment of fracture is thrown forward,

partly by the direct action of the powder blast in escaping, partly through the

imbalanced action of the elastic forces within the strained metal suddenly re-

leased, and partly by the friction of the passing-through shot. It usually falls

to the ground with the muzzle end foremost ; and as this strikes the ground

the mass throws a somerset, and is found lying along, in the line in which

the gun had been trained, but with the direction of the muzzle reversed, or

pointing backwards; a circumstance often remarked upon with surprise by

artillery ofiicers, but, thus easily accounted for.

Sometimes the portions of the gun at, and in rear of, the trunnions are
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divided by other fractures in planes more or less completely at right angles to

the preceding one, and by several " turn out," or transverse fractures. These

latter occur and are more numerous in proportion as the metal of the gun is

harder, more highly elastic, and more rigid, and as the bursting charge is more

powerful ; in a word, the fragments are smaller and more numerous and irre-

gular when the rending forces, are greatly in excess of the resisting powers of

the metal. Wrought-iron and steel guns fracture much in the same way, but

the fractures of bronze guns are of a somewhat different character, and the

fragments are bent and distorted, both, owing to the greater toughness and

ductility of the material.

8. Three circumstances are specially worthy of attention, as indicated by the

lines of fracture thus generally described:—
1°. The dividing longitudinal plane, whether vertical or

horizontal, is always found to assume a sudden curved form,

as in diagram, at one or other side near the exterior of the

gun; indicating that \}\e fracture begins at one side, s (that

opposite to the inflected fracture) ; and that fracture has

spread from that side, the gun opening out, and the divided

surfaces turning from each other upon the point of inflec-

tion at/.

2°. Fracture, therefore, appears in all cases to commence at the interior of

the chase, and to propagate itself outwards, thus rending the metal from within

to without—a result which, though difficult at first to reconcile to the imagina-

tion, is pointed to by every mathematical investigation, of the resistance of

cylinders to internal fluid or elastic pressure, leading to whatever formula, since

the metal must yieldfirst, where the pressure per square inch is greatest upon its

resisting unit of section, and this is in the interior of the thickness.

3°. The planes of fracture follow the track, with almost unerring pre-

cision, of all re-entering angles, and of all sudden changes of scantling or

dimension, however trifling, in the external contour of the gun. Thus a

vertical longitudinal fracture often passes through the vent (as being the

weakest part in section), but much more frequently follows along the re-

entering angle made by the exterior of the gun at its meeting with one or

other side of the vent-field, as in Fig. 1 and Fig. 3. The transverse fractures,
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though often more or less diagonal to the axis of the gun, also mainly follow

round, with remarkable regularity, the small re-entering angles made by the

several breech or reinforce mouldings on the exterior of the gun ; while those

which approach the trunnions, usually fall into the re-entering angles made by

these with the body of the piece.

No doubt these facts are familiar to every " proof master ;" but I am not

aware that the value of their correct observation has hitherto been rccoiTuised, or

that any attempt has been made to assign a cause for them, or, in fact, to attribute

the directions in which a burst gun breaks, to anything more than " accident."

3.

—

Causes. Molecular Constitution of Crystalline Bodies.

9. I proceed to explain the cause. It is a law (though one which I do not

find noticed by writers on physics) of the molecular aggregation of crystalline

solids, that ivhen their particles consolidate under the influmce of heat in motion,

their crystals arrange and group themselves with their principal axes, in lines fer-

pen&icular to the cooling or heating surfaces of the solid; that is, in the lines of

direction of the heat wave in motion, which is the direction of least pressure within

the mass; and this is true whether in the case of heat passingfrom a previously

fused solid in the act of cooling and crystallizing on consolidation, or of a solid

not having a crystalline structure, but capable of assuming one upon its tempe-

rature being sufficiently raised, by heat applied to its external surfaces, and so

passing into it.

10. For example,—if an ingot of sulphur, antimony, bismuth, zinc, hard

white cast-iron, or other crystallizable metal or atomic alloy ; or even any binary

or other compound salt or haloid body, as sulphuret of antimony, calomel,

sal ammoniac, various salts of barytes and lime, chloride of silver or of lead,

chromate of lead ; or even certain organic compounds, such as, camphor, and

spermaceti,—provided only it be capable of aggregating in a crystalline form

under the influence of change of temperature, as from fusion or sublimation ;

—

if an ingot or mass of any such body be broken when cold, the principal axes

of the crystals will always be found arranged in lines perpendicular to the bounding

planes of the mass; that is to say, in the lines of direction in which the wave ofheat

has passed outwardsfrom the mass in the act of consolidation.
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1 1

.

But conversely, the same effect is found produced by the application of

lieat (far below that of fusion) to the surfaces of solids, which are capable of

solidification in either of the two states, homogeneous (amorphous) or crys-

talline, and have solidified in the former. Of such bodies many are known

;

for example,—many of the metals, glass, carbon in certain states, chalk when

crystallizing into marble under pressure and ignition, arsenious acid, realgar,

protoxide (litharge) and iodide of lead, ice; and amongst even organic com-

pounds, sugar, paraffine, &c.

12. If a cylinder of lead, of some four or five inches long, and about the same

in diameter, be cast around a cylindrical bar of iron, of about 1^ inches diameter

and some 2 or 3 feet long, the lead, on becoming cold, and rapidly consolidated

by the contact of the cold iron bar interiorly, will have a perfectly homoge-

neous structure ; it may be cut into, beaten out, &c., without presenting any

trace of crystallization.

If, however, one of the projecting extremities of the central iron bar be

now placed in a furnace and heated red hot, and time be given until the heat

conducted along the bar, and from it passed into the interior parts of the

lead cylinder, and thence transmitted outward, radially through it in all di-

rections, shall have raised the temperature of the lead itself to within a few

degrees of its melting point—say to about 550° Fahr.—and the lead be now

struck sharply with a hammer, the whole mass will be found to have assumed

internally a crystalline structure, all the principal axes of the long thin crys-

tals radiating regularly outwards from the axis of the cylinder to its surface
;

and by a few blows of the hammer, the whole mass will separate and fall to

pieces as a metallic dust—so complete are the planes of separation of the

crystals. (See Plate n. Fig. 4.)

13. A piece ofcylindrical brass wire, tough, longitudinally fibrous, and pre-

senting no trace of crystallization, may in the same way be caused to become

almost instantly brittle and crystalline, if passed endways into the centre of a

red-hot iron tube of small diameter (such as a gun-barrel), held vertically; the

crystals all radiating from the axes of the cylinders.

14. If a flat thick plate of rolled or malleable zinc, which is nearly homo-

geneous in structure, or, if not so, presents fibres and lamina in the plane of the

plate, be laid down flat upon a cast-iron plate, heated to within a few degrees
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of the melting point of the zinc, it assumes very soon a crystalline structure,

—

the crystals having their principal axes now all cutting perpendicularly through

the plate from side to side ; in other words, the j^lanes of internal structure being

in this and theformer case absolutely turned round 180° of angular direction.

15. The same change of structure takes place more strikingly in glass ; when

exposed for a considerable time to a heat short of fusion, or even of complete

softening, it is converted into tlie opaque substance known as Reaumur's porce-

lain, in which a crystalline structure is developed, and the principal axes are

arranged perpendicular to the surfaces recipient of the heat.

Many other instances might be adduced, were this the place to pursue so

tempting a subject. But enougli has been given to indicate the generality of

the law. (NoteE.)

4.

—

Molecidar Constitution of Cast-Iron.

16. Now cast-iron is one of those crystallizing bodies which in consolidating

obeys, more or less perfectly, according to the conditions, this law also ; so that

generally it may be enunciated as a fact that in castings of iron the planes of

crystallization group themselves perpendicularly to the surfaces ofexternal contour.,

that is to say, in the directions in which the heat of the fluid cast-iron has passed

outwards from the body in cooling and solidifying.

Because the crystals of cast-iron are always small, and are never very well

pronounced, these directions are seldom very apparent to the eye, but they are

not the less real.

17. Their development depends:

—

1°. Upon the character of the cast-iron itself, whether it contain a large

quantity of chemically uncombined carbon (suspended graphite)

or not, which Karsten has shown to be the case with all cast-irons

that present a coarse, large-grained, sub-crystalline, dark, and

graphytic, or shining spangled, fracture ; such irons form in cast-

ings of equal size the largest crystals.

2°. Upon the size or mass of the casting, the largest castings presenting,

for any given variety of cast-iron, the largest and coarsest aggre,

VOL. XXIII. X
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gation of crystals ; but by no means the most regular arrangement

of them, which depends chiefly vipon

—

3°. The rate at which the mass of the casting has cooled, and the regu-

larity with which heat has been carried off by conduction from

its surfaces to those of the mould adjacent to them ; and hence it

is, that of all castings in iron, those called " chilled," that is to say,

those in which the fluid iron is cast into a nearly cold and very

thick mould of cast-iron, whose high conducting power rapidly

carries off the heat, present the most complete and perfect deve-

lopment of the crystalline structure perpendicular to the chilled

surfaces of the casting. In such the crystals are often found

penetrating an inch and half or more into the substance of the

metal, clear and well defined.

18. These prevailing directions of crystalline arrangement may be made

more clear to the eye by the Plate No. ii.

Figs. 1 and 2 are sections of a round and a square bar of any of the crys-

talline solids we have spoken of, or of cast-iron, when the crystallization is well

developed (the circumstances affecting which we shall consider further on).

In the round bar the crystals all radiate from the centre ; in the square bar

they are arranged perpendicularly to the four sides, and hence have four lines

(in the diagonals of the square) in which the terminal planes of the crystals

abut or interlock, and about which the crystallization is always confused and

irregular.

In Fig. 3 a flat plate is shown in section. The directions of the crystalline

axes follow the law of Fig. 2, with an extension in one direction.

In Fig. 4 a section is shown of the hollow cylinder of lead alluded to

(page 8), in which, as in the case of Fig. 1, the arrangement of the crystals is

always towards the centre, or axis of the cylinder. This figure also applies to

every cast-iron hollow cylinder, whether water-pipe, gun, mortar, &c. &c.

Fig. 5 represents a portion of the lower or closed end of the cylinder of

the hydraulic press as first made for the purpose of raising the tubes of the

Britannia Bridge, and which broke in the attempt ; the end of the cylinder

having broken out from the sides in the form of a flat frustrum of a cone, as in

Fig. 5 B, under the severe water pressure to which it was exposed ; that is to say,
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the fracture took place all round, along the plane of junction of the contermi-
nous crystals formed perpendicular to the external and internal surfaces of the
bottom and of the sides of the cylinder, proving that such planes of junction
where, as in Fig. 2 and 3, the crystals join and interlace confusedly, are
planes of trml'wes.s—planes in which the cohesion of the metal is less and less
for this reason, than in any other parts of the mass. These lines of weakness
extend from v to v throughout all the figures. The form of the bottom of
this cylinder was changed by Mr. Stephenson, from a distinct appreciation of
the fact that the fracture of the part was in some way connected with the sharp
and sudden termination, square to the axis of the cylinder, though without
apparently any clear conception of the crystalline laws upon which the fact
depended

;
and a new cylinder with a sort of semiovoidal end was made—

a section of a portion of which is represented in Fig. 6. This stood the strain
uninjured. Here the principal axes of the crystals all are directed, as in Fisrs.

1 and 4, to the centre. They, therefore, gradually change their direction, and
no planes of weakness are produced. (Note F.)

19. It is to be hoped that these illustrations have served to make clear the o-e-

neral law as applied to cast-iron artillery—that every abrupt change in theform of
the exterior—every salient, and every re-entering angle, no matter how small, upon
the exterior of the gun or mortar is attended with an equally sudden change in
the arrangement of the crystals of the metal, and that every such change is accompa-
nied with one or more planes of weakness in the mass.

20. Figs. 7 and 8 are sections of portions of a large cast-iron gun. The
former, part of the breech, through the " vent-field" square to the axis of the bore

;

the latter, a section near a trunnion, also square to the axis. Fig. 9, a section
of a reinforce ring in the plane of the axis. In all of these are'^shown, in an
exaggerated form, the directions of crystalline aggregation, and the pknes of
weakness resulting from it.

21. It will be remarked that the square projection of the "vent-field" pro-
duces at each angle planes of weakness, which, in the case of the re-entering angles
penetrate deep into the thickness of the gun ; and that these planes really dJ
exist IS evidenced by referring back to Plate No. i, in which it will be seen
that the lines of fracture in burst gims almost always follow alon<^ the angle at
the sides of the " vent-field ;" so also in the case of the trunnions, Fig. 8. On

X 2
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referring back to the same diagram, it will be seen that the great planes of

cross fracture usually turn out and meet the exterior of the gun, just at the

re-entering angle of the trunnion with the body of the gun. A gun, like every

other body that fails under strain, must fail in the weakest place ; we have

shown in what places they do fail, and we have shown a priori what must be

the weakest places (for a given material and mass), and we have found that

the places of fracture and positions of these " planes of weakness" most remark-

ably coincide. The conclusion, therefore, seems inevitable, that however

incapable the unaided eye may be to discern any difference in the crystalline

arrangement of one part of the gun more than of another, such planes of weak-

ness do exist, in the positions, and from the causes here pointed out.

22. The external forms ofcannon have been greatly modified and simplified

in modern times, from the complex and highly ornamented (?) forms of remoter

periods ; but eveu still, in the plainest forms of guns, such as Sir William Con-

greve's and Monk's patterns, &c., mouldings, astragals, reinforces, &c. &c., are

still adliered to, and from the unwillingness to give up altogether antiquated

forms, originally adopted and continued in ignorance, we have the folly still to

cling to making numerous and useless sharp angles and corners, and sudden

changes of form and of dimension on the exterior of all our ordnance, and so

prolong in the most needless way one cause of their weakness. That gun, how-

ever plain externally, will look best to the really educated eye, that most fully

conforms to the laws upon which its perfection as an instrument depends.

5.

—

Physical Conditions induced in Moulding and Casting.

23. Some remarks must now be added as to the effects upon the strength of

guns, which circumstances brought into play in the processes of moulding and

casting them exercise, extraneous to those which we have already treated of,

as respects the conditions of aggregation of the crystals of the metal.

It is not my intention to go at any length into questions referring properly

to the iron-founder's art ; to practical methods, better or worse ; or to the details

upon which sound or defective castings depend. These, though most impor-

tant, do not find a fitting place here. But I purpose to consider :

—
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r. Upon what circumstances the more or less complete homogeneity

of the crystalline alloy we call cast-iron depends, when cast into

guns ; and, therefore, how with the best, or with any, external furm,

we may most avoid the formation of " planes of weakness," so far

as the moulding and casting are concerned.

2°. The effects due to the contraction of the metal in process of cooling,

and of sudden changes of mass or of dimension and form upon

this.

3°. The effects of rapid and of slow cooling, and of unequal cooling,

4^ The effects ofcasting under the fluid pressure due to increased "head"

of molten metal.

And to add a few remarks upon the presumed relative advantages, so much and

so loosely talked of latterly, of cold-blast and hot-blast iron, and of foreign

and British iron, as materials for ordnance.

24. It is known to every practical iron-founder upon a large scale, that, gene-

rally, the larger the mass ofthe casting he makes with any given quality ofcast-iron,

the " coarser is the grain," that is, the larger are the crystals that develop them-

selves in the mass. The same metal that shall produce a fracture, bright gray,

matted, and without a crystal visible even to a single lens, in a bar, cast, say, two

inches diameter, shall, if cast into a cylinder of two feet in diameter, produce a

dark, confusedly crystalline surface of fracture, as coarse as granite rock.

To meet this, the practice is to prescribe for material for large castings a

certain large proportion or mixture of " small, close-grained scrap metal," with the

pig-iron, of whatever best quality may be denoted. The remedy fails— as fail that

always must which is founded upon a misconception of the laws of the pheno-

mena. As well might small seeds be sown to produce small trees. The small

scrap is no sooner recast into the large mass than it resumes the large crystalline

grain.

25. The experiments of Mr. Fairbairn (Trans. Brit. Ass., 1853) on the re-

peated melting of the same cast-iron, by casting into inch-square bars, are con-

cluded by him to prove that the grain of the metal and the physical qualities

of the casting improve by some function of the number of meltings; and he

fixes on the thirteenth melting as that of greatest strength.
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Some most important conditions, modifying if not invalidating such a con-

clusion, and more especially the efiFects of the variable mass of the casting, seem,

however, wholly to have escaped him. Indeed, these experiments, rightly con-

sidered, only prove what was well known before—that by continually re-melting

and casting into small pieces (i. e., imperfectly chilling) any cast-iron, we may

gradually cause all its suspended carbon (in the state of graphite) to exude, as

Karsten long ago proved, and so gradually convert the metal into an imperfect

steel, with increased hardness and cohesion, and diminished fusibility, but with

properties altogether unworkable and useless. No such result can occur when

the metal is cast into large masses, nor any such assumed improvement by

repeated meltings, but very much the contrary. (Note G.)

26. Again, by some iron-founders, one " make" or sort of pig-iron is presumed

to give a closer grain than another, and he prefers it ; and although this

is to a certain extent true, i. e., that some cast-irons, that is, some of the innu-

merable alloys that go under that name, do iinder equal conditions produce

rather smaller crystals than others, still this view equally fails to attain the ob-

ject of close-grained, heavy castings. But furthermore, it is a fact familiar to

iron-founders, that of several castings of the same form and mass, made at

nearly the same time, from the same mixture of metal, and melted in the same

furnace, some will, when cold, have a much more coarsely crystalline grain de-

veloped in them than others. The fact is familiar ; but I am not aware that

any attempt has been made on principle to explain it, and hence no means have

yet been prescribed to prevent its occurrence.

27. Now while the regularity of development of the crystals in cast-iron de-

pends, as we have already seen, upon the regularity with which the melted mass

cools, and the wave of heat is transmitted from its interior to its surface, arrang-

ingthe crystals in the lines of least pressure in its transit,

—

the extent ofdevelopment,

or, what is the same thing, the size of each individual crystal, depends upon the

length of time during which the process of crystalline arrangement is going on,

that is to say, upon the length of time that the casting takes to cool. Hence, then,

may be announced as a law, that

—

28. The size of crystals or coarseness of grain in castings of iron

depends for any given " make" of iron, and given mass of casting

upon

—
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1°. The high temperature of the fluid iron above that just necessary

to its fusion, which influences

—

2°. The time that the molten mass takes to cool down and assume again

the solid state.

29. These laws have very recently received the most striking confirmation

from some quite analogous researches "Upon the Molecular Properties of Zinc,"

made by Mons. P. W. BoUey, and published in the "Annalen der Chim. und

Pharm." st. scv. p. 294. Zinc and iron are bodies so closely allied in all their

properties, chemical and physical, that in almost everything that relates to

the latter, analogy holds in the most striking manner, and this proves to be

so here,—where M. Bolley's results, arrived at, in all probability, without even

a knowledge of the facts above adverted to as aflecting cast-iron, are found per-

fectly in parallel.

His paper scarcely admits of extracts: it will sufiice, however, to state his

chief results. He finds that zinc, of whatever sort, whether chemically pure,

or alloyed with various minute foreign metals, as found in commerce (just like

cast-iron), is capable of crystallizing upon cooling from fusion in two distinct

forms. In one, the fracture presents a small-grained, uniform, confusedly crys-

talline surface, it is " grenue." In the other, large, well-formed lamellar crys-

tals, with their principal axes, standing perpendicular to the bounding surfaces

of the cooled mass, well known to all who have seen a commercial ingot of zinc

broken, are produced.

He proceeds to investigate the conditions under which these two states of

aggregation occur, and he finds they have nothing to do with the purity of

the zinc (as respects extraneous alloying metals, or even the carbon that it

contains, always more or less of), nor with the sort of original crystalline ag-

gregation of the zinc used for experiment, i. e. whether in large or small crys-

tals ; but that it depends upon the higher or lower temperature at which the

zinc is fused and poured into the mould, and upon the rate at which it is cooled

down to solidification.

Thus, if zinc be heated just to its fusing point (773° Fahr.), and no higher,

and be then cast in the mould

—

Its crystalline grain on fracture is (grenue) small, fine, and confusedly

crystallized.

Its specific gravity is as great as 7-18.
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It has (as compared with zinc aggregated in large lamellar crystals) a

slower solubility in acids.

It has greater malleability, and a greater extreme range of temperature

within which it remains malleable. (Note H.)

Eut if the same zinc be not merely fused, but heated up to a red heat, and

so poured into the mould, then, when solid

—

Its crystalline grain on fracture is coarse, large, and lamellar.

Its specific gravity is only 686.

It dissolves more rapidly in acids than the former; and

It has scarcely any malleability at any temperature.

And these results are the same, relatively, whether in either case the zinc mass

be let to cool slowly in the mould, or be taken out as soon as solidified, and sud-

denly cooled in water.

M. Bolley thinks it probable that zinc may be dimorphous, taking the form

of the regular system when crystallizing from a high temperature, like copper,

gold, lead, silver ; and the rhombohedric, like bismuth, antimony, arsenic, tel-

lurium, when crystallized from just its fusing point, and so indicating relations

of a crystallometric character with platina, iridium, and palladium, whose atomic

volumes are almost the same as that of zinc. Whether this explanation, which

does not commend itself to me as probable, be so or not, the fact is clear, and,

coupled with our previous knowledge, may with confidence be applied to cast-

iron ; and the conclusion and rule be thence deduced, one of the utmost impor-

tance to obtaining serviceable cast-iron guns.

30. That the lower the temperature at which the fluid cast-iron is poured into

the mould, and the more rapidly the mass can be cooled down to solidifica-

tion, the closer will be the grain of the metal ; the smaller its crystals, the

fewer and least injurious the "planes of weakness," and the gi'eater the specific

gravity of the casting, cceteris paribus.

31. Practical iron-founders are in the habit ofjudging of what they deem by

experience the best temperature of the fluid iron for being poui'ed into the

mould, by a certain peculiarity in the form of the vorticose movements that go

on upon the surface of a mass of fluid iron, and called technically "the break-

ing" of the iron. This test, however, is perfectly empirical and fallacious. The

very lowest temperature at which the iron remains liquid enough fully to fill
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every cavity of the mould, without risk of defect, is that at which a large cast-

ing, such as a heavy gun, ought to be " poured." As respects the rapidity of

cooling desirable, we shall be enabled presently to consider the conditions that

determine the extent to which it may be safely carried.

32. A certain amount of contraction on becoming solid from the liquid state

occurs in all castings. It is well known to practical founders that for cast-iron

this is variable, and depends upon the mass of the casting, being greatest for

small and least for large castings of the same "make" of iron; but it is ob-

vious, and it follows from M. Bolley's researches, that the contraction also will

be greater in proportion as the metal is poured into the mould at a higher tem-

perature, although, from the expansion in the act of crystallizing, the specific

gravity of the solid mass may be less at the higher than at the lower tempera-

ture of " pouring."

33. As, therefore, there are two conditions that principally affect the degree

of contraction—the total change of volume between the liquid metal and its

solid casting ; namely, the extent to which the fluid metal as entering the mould

has been expanded by elevation of temperature and the state of final aggrega-

tion of the crystalline particles—which we have seen depends much upon the

former—so there will be a determinate amount of contraction due to a determi-

nate thickness or mass of casting, irrespective of, though also related to, the coefii-

cient of contraction for any particular " make" of iron ; for there is no doubt that

different makes, cceteris paribus, contract somewhat differently. From whence

it follows, that different parts of the same casting, if differing materially in scant-

ling or mass, will have different amounts of final contraction ; and hence

—

34. Sudden changes of form or of dimensions in the parts of cast-iron guns,

besides the injury they do to the crystalline structure of the mass, introduce

violent strains, due to the unequal contraction of the adjoining parts, whose

final contraction has been different.

How desirable is it, therefore, to introduce such alterations of the forms of

our ordnance as shall avoid those sudden and enormous (and often useless)

changes of adjacent mass, that we observe ; as for example, in the sea and

land service 13-inch mortars, where at the chamber (where the strain being as

D" is least) the thickness of metal suddenly approaches twice that of the chase

—

a malconstruction the fidl evils of which we have yet to consider.

VOL. XXIII. r
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35. The amount of /mea^ contraction due to solidification of cast-iron appears

to vary with metal and circumstances of casting, from y^ up to -g-L of the dimen-

sions of the cold mass. Its contraction in volume, therefore (more than three

times this), and probably not equal in the directions of three rectangular axes,

owing to the crystalline structure, is so great, and the difference such, between

its measure for large and small parts of the same casting, that the latter never

should be neglected.

36. The effects of this difference are well known to founders by causing

castings of certain forms to become distorted or spontaneously broken after they

have solidified. To multiply instances would be tedious ; but one circumstance

requires remark, as proving that these internal strains occurring in castings of

variable bulk exist where little suspected, and that it is with extreme slow-

ness that the molecules after consolidation appear gradually to assume minute

changes of arrangement, and to adjust themselves, within certain limits, to a

state of permanent equilibrium.

37. It is a fact known well to working mechanics engaged in boring or turn-

ing or otherwise cutting into large castings of iron that have cooled safely and

without crack or flaw, that yet when a part of the whole mass shall have been

cut away—as for example, when a large and thick-flanged cylinder, or a large

toothed wheel, or other irregular discoid mass, is " bored out," the form of the

exterior of the mass changes during the operation. The portion cut away

destroys the temporary equilibrium that was established in the mass, and it

again changes its form, and perhaps its symmetry, and sometimes even its

volume.

38. For some most valuable illustrations of the singular forms or lines of

direction which the curves of internal tension and compression take in solids of

various forms thus under elastic constraint, Mr. Maxwell's paper in the Trans-

actions of the Eoyal Society of Edinbiu-gh, vol. xx. part i., may be consulted.

They bear a remarkable analogy to the nodal lines of Chladni and Savart

traced by their researches on the vibrations of sonorous plates, and are directly

connected with the optical properties first shown by Sir David Brewster in

glass under constraining forces.

39. Sometimes a casting which has cooled safely will fly to pieces on receiv-

ing a sudden jar or blow, of a trifling degree offeree—a fact which is in analogy
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with that observed by Captain Parry in his earlier Arctic voyages—viz., that

the astronomical instruments exposed to extrenaely low temperatures for long

periods, and quite undisturbed, did not contract to their extreme point until

after they had been subjected to some slight jar or blow, when the metal of

the instrument suddenly became reduced in volimie, and its dimensions again

stationary.

40. The extreme slowness, continuing sometimes for months, with which

these molecular changes take place, due to the gradual adjustment of such inter-

nal strains, has been beautifully shown in a,memoir on the elastic properties of

soHds (Annales de Chimie, vol. xli. p. 61), by M. Savart, who found that plates

of sulphur cast into flat discs continued to change their state of molecular ar-

rangement for long periods after solidification.

41. It follows from this that old guns that have long been bored and laid in

store are likely to be more trustworthy than those hastily cast, bored out, and

brought into service ; and this seems to be supported in some degree by ex-

perience.

42. In general extension and support of tlie views I have advanced as to cast-

ings in iron becoming endowed with variable powers of resistance depending

upon external form and mode of casting, &c., the important memoir ofM. Savart

above alluded to should be consulted. By refined and delicate methods of

investigation founded upon sonorous vibrations elicited, he has shown that nu-

merous bodies, such as zinc, lead, cast copper, glass, plaster of Paris, sealing-wax,

and others, though possessing apparently a perfectly homogeneous structure,

have it not ; but, on the contrary, all possess lines or planes usually crossing each

other at right angles, in which their resisting powers are enfeebled, and which

he has called awes of greatest and of least elasticity, and which he attributes

to the arrangement of their molecules assumed in the process of cooling. The

relations of these phenomena to the conditions of cooling and external form of

the body as affecting these, however, do not appear to have been perceived by

M. Savart, and the author of this paper believes have been here stated in a

distinct form for the first time.

43. Besides the effects already referred to, due to the contraction of cast-iron

in becoming solid, another class of abnormal strains introduced by the consolida-

tion of one portion of a casting before another, must not be passed over, as often

y2
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producing results of the most important character in artillery. This will be

more readily understood by immediate reference to example. When a large

gun, or, still more, a large mortar, is cast solid, and the metal cools in the ordi-

nary way, tlie external portions solidify long before the interior has ceased to

be liquid, and the process of solidification is propagated, as it were, in parallel

" couches" from the outside to the centre of the mass. The lineal contraction

of any one couche assumed of indefinite thickness is in the direction of its

circumference directly proportionate to that circumference; and so it would

seem (at first) that the contraction of the whole assemblage should be at every

point proportionate to its distance from the centre, and that so the solid,

when all cold, should be left iu a state of molecular equilibrium. This is not

the case, however; for no sooner has the first couche or thickness of solid

crust formed on the exterior, than it forms a complete arch all round, so that

the contraction between fluidity and solidification of each subsequent couche

is accommodated (the continuity of the mass remaining unbroken throughout)

by portions of matter withdrawn radially from the interior towards the still

cooling exterior ; that is to say, from a smaller towards a larger circumference.

The final effect of this, propagated to the centre of the mass, is twofold :
—

1st. To produce a violent state of internal tension in the molecules of the

metal, in radial lines from the axis of the gun viewed as a cylinder, tending to

tear away the external portions of the mass from the internal nucleus ; a force

which is zero at the axis and at the exterior, and a maximum between and

probably at a point of the radius somewhere between R and -^ from the ex-

terior.

2nd. To produce about the centre or along the axis a line of weakness, and

one in which the texture of the metal is soft, porous, of extremely low specific

gravity, with coarse and frequently, distinctly separated crystals, and often

(notwithstanding the precautious of the founder in "feeding" the "head of

the casting"—that is to say, in slowly adding fresh quantities of hot and fluid

metal while ever it is possible to get it introduced into the centre of the solidi-

fying mass), leaving actual cavities in the centre of the casting.

44. In a casting of two or three feet or more in diameter, it is not unusual

(with the founder's best care) to find a central portion of from 6 to 8 or more
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inches in diameter, consisting of a spongy mass of scarcely coherent crystals of

cast-iron, usually in arborescent masses, made up ofoctohedral crystals ; thewhole

so loose that upon a newly-cut section dark cavities can be seen by the naked

eye in all directions, out of which often, single or grouped crystals can be picked

with the hand, and so soft that a sharp-pointed chisel of steel may be easily

driven into the mass some inches, as if into lead or soft stone. It fortunately

happens that in pieces of artillery a large portion of this defective core of spongy

metal is removed in the process of boring out ; but where the hollow taken out

thus, does not extend very close back to the exterior of the breech—in other

words, where the thickness of the breech in the line of the axis is considerable,

u portion of the spongy uncompact metal is left remaining, and forms the part

of the gun at the bottom of the bore or chamber. This is most remarkably

the fact in large mortars. An absurd adherence to a false analogy with long

guns, or to antiquated routine, compels all mortars in our service still to be

cast solid, and then bored out. The diameter of the mass is great in a 13-inch

sea mortar—about 3 feet 4 inches. The mass of metal left below the chamber

when bored out, is immense, and quite useless. The effect of both is, that every

mortar has got a " soft spot," just at the bottom of the chamber, and extending

downwards from it in the line of the axis ; and that every part of the chase of

mortar is in a state of violent molecular strain, from the consolidation of its

external walls, long before the interior portions ; and hence weakness in the

whole piece.

45. Fig. 1, Plate in., is a section in line of axis, and plane of trunnions, of a

13-in. sea mortar, with the head of metal remaining attached, and the whole in

the position in which the mortar is usually cast, with the parts to be cut off and to

be bored out marked by and above a black line, exterior to which is the finished

mortar. The shaded central portions represent the weak and porous parts of the

metal about the axis, extending down, it will be observed, below the bottom of

the chamber, where it leaves a soft spot, easily hammered and burnt away, by

the shock and blaze of the powder. From the conditions of internal strain already

explained, the exterior of the cylinder is in a state of compression, and the

interior in a state of tension, a state (as we shall show hereafter) precisely the

reverse of that calculated to give the metal its greatest power of resistance to in-

ternal strains in the direction of the radius.
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These phenomena are plainly brought into evidence in mortars ; but they

exist, in less degree, in cannon, though, from the length of chase of the latter,

it is extremely difficult to make any perfect examination of the state or qua-

lity of the metal at the bottom of the bore.

46. Figs. 2, 3, 4, and 5, Plate m., represent portions of castings, in section, of

various external forms, in which sudden changes of volume frequently produce

internally actual cavities, technically known as " draws" amongst workmen. Fig.

2 is an excentric shell. Fig. 3, partial section of a girder, with a thick base

rib, and thin vertical web. Fig. 4, part of a heavy flat casting, with a thin flange

projecting from it. Fig. 5, part of the upper (or mouth) portion of the cylinder

of an hydraulic press (one which occurred in the author's practice), but quite

similar to the conditions so well described by Mr. Edwin Clarke, of the first

defective cylinders cast for raising the Conway and Britannia tubes.

47. These internal cavities are usually found more or less perfectly lined with

adherent crystals of cast-iron, and with plates or crystals of exuded graphite.

The figures given sufficiently illustrate their general character. The main or

longest directions of these irregular cavities always tend to follow the " planes

of weakness," or to place themselves, at right angles to these.

Their magnitude depends upon

—

1°. The coefiicient of cubic contraction of the particular " make" of cast-

iron.

2°. The high temperature at which the fluid metal has been " poured,"

i. e., the length of range of temperature through which it has

cooled, and the inefficiency with which the mass has been subse-

quently "fed" while solidifying.

3°. The mutual relations as to volume of the adjacent and successively

solidifying parts of the whole mass.

No British makes of cast-iron are so subject to violent " draws" as the best

and toughest of the South Wales irons, such as the Blaenavon, &c.

6.

—

Effects of Bulk and Fluid Pressure.

48. It is a remarkable fact, though one not yet fully explained, that a small

bar, cast on-to, or projecting from, a casting in iron of very large scantling, when

afterwards broken ofi"and tested, will not sustain, by a good deal, as great a trans-
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verse or longitudinal strain as the same sized bar, of the same metal, cast

alone (i.e. in an isolated mould), and under the same "head" of metal. This

circumstance, no doubt due to the conjoint influence, ofseveral of the molecular

conditions that have been under discussion, appears to be in part due to the

extreme slowness with which the small bar cools in close proximity to the large

mass of which it forms an appendage.

49. It was most probably owing to this cause that Mr. Hodgkinson found the

specific gravity of the thin webs, of the cruciform section of castings, adopted

by him for experiments on the extension of cast-iron, under tractile forces, to

be less than that of the parts of the same bar having greater hidk. The fact seems

to conflict with the general one ascertained by me, that the specific gravity of

castings is less in proportion to some function of their increased volume, as

shown in Table i., following.

The law, however, enunciated in this Table applies to the average specific

gravity of separate masses of similarform, but different volume, and cast each in

a separate mould, and in the same way, and is, therefore, not affected by Mr.

Hodgkinson's case.

50. Slow cooling developes a coarse, uneven grain,with large but thoroughly

irregular and confused crystallization. Cast-iron with such a grain is never

strong or cohesive, though perhaps soft and extensible. The more rapidly a

casting once consolidated can be cooled, without introducing injurious effects,

the finer, closer, and more even will be its grain on fracture, and with any given

metal the greater will be its strength. The rate of cooling cannot be accele-

rated beyond a moderate limit/. If this limit be exceeded, as by casting in a cold,

thick, highly conducting metallic mould, the iron is " chilled," its chemical, or, at

least, its mixed constitution changed, and the uncombined graphite is exuded, the

combined carbon only remaining in the white chilled metal. It cannot be so fast

as to endanger unequal contraction, nor must it be so fast in large castings, such

as guns requiring to be " fed" from a " feeding head," with fresh portions of hot

fluid metal during consolidation, to fill up the internal cavities or porosity due

to contraction and crystallization, as already explained, that this feeding cannot

be accomplished. The prevalent notion, however, that the soundest and

strongest castings are obtained by letting them cool slowly in the moulds, is

founded on a radical error.
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51. The enormous time required by a large casting for cooling, especially

if left to cool in the moidd, and hence " jacketted," with its badly conducting ma-

terial (clay and sand) is not generally known. The hydraulic press cylinders

for raising the Britannia Bridge tubes, which were about 12 feet long, and about

3^ feet diameter, and weighed in the mould, perhaps, 20 tons, were found red

hot at the expiration of seventy-two hours after having been cast, and only

became cold enough to handle ten days after being stripped from the loam, and

required " feeding" for more than six hours after having been poured. During

the greater part of this time, molecular changes were going on, increasing the

coarseness of the crystalline grain of the metal, and reducing its tenacity. It

would have been much better practice to have kept the exterior of " the loam
"

wet, and thus induced cooling by evaporation, as soon as ever the " setting"

of the metal had rendered it safe to do so.

52. The cooling must be uniform, so far as uniformity is possible. This is

impossible, strictly, in any casting ; the approach to it is most difficult, in heavy

solid castings, such as guns and mortars, and hence the great advantage that

would result from a return to the antique practice of casting them hollow upon

suitably made " cores," as admitting of internal cooling by artificial means, such

as a current of air, at the same time that the outside is cooling. It is under-

stood that the American Government so requires its guns cast, and cools them by

a current of water passed into the interior—a practice of very doubtful advan-

tage, as not under sufficient control to insure avoidance of an evil greater than

that it is proposed to remedy, namely, cooling the interior of the gun much

faster than the exterior.

53 Unequal cooling, especially if very rapid, involves all the injury, that

violent internal wrenching and straining can do to strength,—strains of the very

same character as those under which it is part of the purpose of this paper to

show, that guns burst, and which often, in the every-day practice of the iron-

founder, result in actual fracture.

54. Guns have long been cast in a vertical position, and with a certain

amount of " head" of metal above the topmost part of the gun itself: one object

gained by this (of great value) is to afibrd a gathering place for all scoria or

other foreign matter, an end that might be much more effectually accompUshed,

were the metal always run into the cavity of the mould by " gaits" leading to the
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bottom or lowest point, in place of the metal being thrown in at the open top,

with a fall at first of several feet, as is now the common practice, by which much

air and scoria are carried down and mixed with the metal, some of which never

rises up again, or escapes as " air bubbles." But the great value of increased

head of metal, in adding to the density of castings, and so also to their strength,

appears so little generally known, or, if recognised, is so seldom attempted to

be practised, to any considerable extent, i. e. depth of head, that I am induced

here to repeat the Tables xii. and xiii. from pp. 304 and 305 of my Second

Report on Iron, Transactions of the British Association for 1840, in which the

results are given of some extended and careful experiments made by me, to

ascertain the relation between the head of fluid pressure and the specific

gravity of the casting.

55. My experiments were made upon cylindrical shaftsof cast-iron, cast ver-

tically, in dry sand moulds, and under heads gradually increasing up to four-

teen feet in depth ; and all poured from " gaits" at the bottom.

Table I.

Showing the increase of Density in Castings of large size, due to their Solidification under a

head of Metal, varyingfrom two to fourteen feet in depth.

No. of
Ejtperi-

ment.
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Table II.

S/iomng the decrease of Specific Gravity, due to increase of bulk, of Iron Castings made from

the same sort of Cast-Iron, and under similar circumstances.

Mark of
Experi-
ment.
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theory, by the instance that "a Swedish or Russian gun is never known to burst,''

and that American and Swedish guns, even field-guns, are now fabricated of

some similar iron.

The whole is a fallacy. There is no just reason to believe that any stronger

pig-iron is to be found from abroad than many well-known "makes" of Gi'eat

Britain. The fault is not in the iron, but in the want of skill to choose what sort

of iron to obtain from the blast furnace in the first instance, and how to recog-

nise and choose it for gun-founding, in the second.

59. " Fine-grained gray mottled iron," it is constantly and truly said, is that

best fitted by tenacity and by elasticity for ordnance. But how is this in

England continually attempted to be obtained ? By mixing a perfectly white

lamellar No. 4 pig-iron, or " scrap metal," equally intensely hard and infusible,

with some soft, micaceous, or largely and coarsely graphitic dark gray, or almost

black No. 1 Scottish or Staffordshire pig-iron. The two, possessing totally dif-

ferent fusibilities, may be imperfectly mixed together, but they cannot be combined

by mixture. They form a mass of coarse mottled iron, with large black dots of

flat scales of graphite in a white ground, more or less like " hornblendic granite,"

having a low density and small cohesion and elasticity. (Note H.)

60. Let us observe what one of the ablest metallurgists of iron in Europe,

Karsten, a man well acquainted with Swedish iron industry, says as to the

modes by which the iron is chosen for those very Swedish guns :
— " The tena-

city of gray cast-iron is much less in proportion as the metal has received a

more intense heat in the blast furnace, and ifwe require castings to give a very

great resistance we must not employ it ; that which is obtained from less

refractory ores, and in furnaces of loAver temperature, answers much better for

castings demanding much strength, provided that it be not too gray [too gra-

phitic], and that it do not expel too large a quantity of graphite [in cooling,

namely], which often gives rise to breaches ofcontinuity in the interior. [Note I.]

In certain cases we must neither use one sort nor the other of iron [viz., neither

gray iron nor white, of which he before had spoken]. Cannon, for example,

must not be cast from gray cast-iron, especially when produced from a mix-

ture of refractory ores and flux, because then it contains always a large pro-

portion of earthy metals ; but even with readily fusible ores it is extremely

difficult so to work the smelting furnace that the pig-iron shall neither be too

gray nor too white, either of which is equally injurious for gun-founding.

z2
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"In Sweden they remedy this difficulty in the following way:—the charge

for the furnace is made up partly of roasted ore and partly of raw ore, and the

furnace is so kept in blast that its yield shall be regular, and the slag good

(i. e. nearly colourless). There is thus obtained a pig-iron, very closely mottled,

made up of white lamellar iron, and of dark gray iron, like the usual mixed

qualities of pig-iron. It is obvious that these two sorts of ores, having two

different degrees of fusibility,' are reduced after diflFerent periods in the furnace,

and hence afford, one of them gray, and the other white iron. If the minerals

be properly proportioned, there is obtained a very finely mottled gray iron,

which is less porous, harder, and more tenacious than the gray irons obtained by

the ordinary methods [of mixture, namely on remelting in the cupola]."

He then proceeds to describe another method of working the blast furnace,

by which similar results may be obtained, and concludes:—"By these means

we may determine to pig-iron any proportion of carbon we please ; the

metal becomes more tenacious, expels less graphite [in cooling, namely],

and never shows spongy cavities after cooling."—Karsten, Handbuch der Eisen-

huttenkunde. (Note I.)

61. M. Kulmann, also, in his Lectures on the Manufacture of Projectiles, &c.,

for the Artillery School of Metz, gives a precisely similar account ; in a word, to

obtain the very finest quality of cast-iron for gun-founding, all that is necessary

is the use of a small-sized blast furnace, such as those occasionally found in

Staffordshire, a very gentle blast, and a heavy charge of ore and flux, in the

mixed form above directed. A low temperature must be preserved in the

furnace ;—the production of dark gray, graphytic iron resulting always from

intensity of heat.

62. The use of charcoal in place of pit-coal, or coke, does not appear essen-

tial. Many "makes" of British iron, smelted with sulphur-bearing 'coal, yet afford

no sensible traces of sulphur on analysis ; its exclusion being always capable of

being insured by a proper mode of working the furnace, while the recent

researches of M. Janoyer, Director of Iron Works in the south of France, appear

to indicate that by the judicious use of a certain proportion of phosphatic ores,

along with our ordinary clay ironstones, sulphur may be completely eliminated

from the iron, the sulphur being replaced permanently by phosphorus, and

going off as sulphuret of carbon.

63. Neither does the use of cold blast appear indispensable, although greatly
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facilitating the preservation of that moderate temperature in the blast furnace,

upon which the production of the desired sort of iron depends.

64. But the working of a small blast furnace, at a low temperature, and in

the method above described, produces necessarily a small daily yield of pig-iron

— it, therefore, will not pay ; and hence will not be adopted by any maker in

Great Britain, unless insured a proportionally remunerative price for his manu-

facture of a special pig-iron, destined and well fitted for the manufacture of

our national ordnance. If such an inducement be given, makers may soon be

found to produce pig-iron, better fitted for gun-founding than any foreign iron.

65. It is a mistake to suppose that the foreign charcoal cast-irons have a

greater tenacity generally than our British "makes;" the reverse is the fact, and

equally so with wrought-irons. In proof of this I may quote the results of a most

carefully conducted and extensive series of experiments made under the direc-

tion of the late Mr. Tierney Clarke, C. E., with reference to the relative

strengths of Hungarian and Austrian cast-irons as compared with British ; the

former were proposed being used in certain parts of the suspension bridge

across the Danube at Pesth, in Hungary, exposed to transverse strain.

General Results of Experiments on Hungarian Cast-iron at Pesth.

Transverse strain, reduced to bars of 3 feet bearing, and 1 inch square.

Count Andrasi's Iron, Dernij, 821-515 lbs.

Hoffman, Brothers, Madersbach, 651 '996 „

Concordial Works, Sebok, T 675-655 „

Pesth Foundry, 813-021 „

Baron Rothschild, Styrian, 964-080 „

General average, , 785-253 lbs.

Load in middle—All Cold- Blast Iron—Banks' experiments, quoted by Barlow, p. 221, gave a

mean of 844 lbs., and were Cold-Blast, agreeing very nearly with Tredgold's forStaffordshire'Cast-

Irons, also Cold-Blast.

To these might be added sufficient proofs that, generally, the European cast-

irons made with charcoal, are not as strong (taking all the conditions which

the word embraces) as the best makes of British cast-iron.

66. Again, as respects wrought-iron, if the numerous tables ofexperimental

strength, published by Karsten, Vicat, Le Blanc, Dulean, and others, be

examined, it will be at once seen that few continental "makes" of iron (even

charcoal iron) equal in strength our best British irons. As regards the special
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results of charcoal smelting and refining, it was remarkable that in the Belgian

Departments of the Exhibition of 1851, the MBR. Ardennes charcoal-iron, cer-

tified " never to have produced a musket-barrel that burst," stood beside the coke-

made iron wire of Orban and Sons, certified to stand a strain of above 40 tons

to the square inch. The experiments made on the SamakofiP and Elbese char-

coal irons, and recorded (Proc. Ins. Civ. Eng., vol. iii. p. 225), prove also their

great inferiority in strength and elasticity to the vast mass of British makes.

Some valuable Tables of comparative strength of French with British and

foreign wrought-irons may be found in a Paper by M. Martin (" Du Fer dans les

Fonts Suspender," &c. Ann. des Mines, Sieme Ser., t. v. p. 68). These experi-

ments were made by Colonel Barbe and M. Bornet, at the Iron Works of Cha-

mond and of Fourchambault.

It would be tedious to quote these authorities even in extract ; but the re-

sult may be given in the words of MM. Flachat, Barrault, and Petiet, in sum-

ming up these experiments:—" The mean resistance of these irons (the best

that France, at the time (1845) could produce) is about 35 kilos, to the square

millimetre ; and cable irons being always made with much care, are therefore

stronger than the majority of ordinary irons, while the experiments made in

England by Telford and Brunei give resistances of from 40 to 50 kilo, to the

square millimetre."

—

Fabric, de la Fonte et du Fer.

67. It has been repeatedly proposed and abortively attempted to improve the

quality of cast-iron for guns, by the admixture of some foreign metal in minute

proportion. Copper, it was affirmed by Hassenfratz long ago, added much to

the tenacity of cast-iron. This alloy was formed, and some experiments made

on it by the younger Bramah, as recorded by Tredgold, and it is afiirmed to

have been adopted by Perkins, for closing the porosity of cast-iron when ap-

plied to the cylinders of hydraulic presses. Tin, lead, tungsten, manganese,

have also been tried, but none to any good purpose, nor could any be justly

anticipated ; the affinities of iron in forming alloys are very slight, and its pre-

vious combination with carbon, for which it possesses so powerful an affinity,

seems to reduce the former to so low a point that its alloys are little better

than heterogeneous mixtures which separate by eliquation on cooling.

68. Want of assured homogeneity, especially in large masses, appears also

to be the objection to " Stirling's patent toughened iron," i. e. wrought-iron fused

in mixture with cast-iron, nor is it easy to see how his method gives a result
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better than what is attainable by the admixture ofa proper selection of different

cast-irons alone,—though well deserving a much more careful course of experi-

ment on the part of the gun-founder, than has yet been devoted to it. Much stress

has been laid by some, too, upon the melting being performed in air furnaces in

preference to cupolas urged by blast. The only real difference as respects good-

ness of result, however, seems to depend upon temperature; if this be the same,

the results are the same with either form of melting.

69. Usually, however, the temperature of the cupola is vastly higher than that

of the air furnace, and its consequence is the formation of an alloy of the bases

of the alkaline and earthy metals with the cast-iron, by which its tenacity is

always seriously reduced. These alloys, when present largely in pig-iron, are

always indicated by a peculiar whitish pallor of the fresh fracture, and are only

formed at intense heats, at which also the micaceous plates of uncombined car-

bon become developed as graphite, upon the largest scale, a fact first pointed out

some years since by Schafhaeutl. Unnecessary heat effusion then injures the

quality of the metal, as unnecessary heat of " pouring" injures the quality of the

casting. It does this in two ways, by the introduction of foreign earthy and

all^aline bases, which greatly reduce the cohesion, and far more by the great in-

crease of surface produced by extreme elevation of temperature, in the disse-

minated plates of graphite. These, scattered through the mass like mica or

hornblende in granite, present at their innumerable planes of cleavage almost

no cohesion ; but these planes are, in accordance with the general law of ar-

rangement in the " planes of least pressure," found mainly to coincide in paral-

lelism with those of the crystals of the iron itself (i. e. the carburet ofiron which

constitutes the metal of cast-iron chiefly), so that the total deterioration ofstrength

due to smelting at an extremely high temperature is very great, and this is in fact

the secret of the much discussed and unquestionable inferiority of hot-blast iron

over cold ; nothing more than the elevated temperature induced in the bias fur-

nace. All cast-iron, in its progress towards wrought-iron in the " puddling" pro-

cess, passes through an intermediate stage, in which it is more or less perfect

cast-steel ; and the Styrian steel (Stahleisen) is produced direct from the " finery

pig" merely by an adroitly managed puddling, stopped at the proper moment.

70. I shall conclude this portion of the subject by the following Table, princi-

pally derived from my Report (Trans. Brit. Ass., 1840), in which the general

characteristics and working qualities of the more important "makes" of Bri-

tish cast-iron are combined and systematized :

—
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Table III.

General Classification of the principal Makes of British Cast-Irons as applicable to Artillery.

Class of Iron.

Apcdale,
Hwrdest procurable, . . .

Oldberry,
Ponkey,
Peutywn,
Calder
Shotts,
Doulais (Finely Pig), . .

Arigna
Burchill's,

Muirkirk,
Peutwyn (peculiar), . . .

Arigna,
Apedale (Cylinder Iron), .

Peutwyn,
Calder, No. 1 + Peutwyn,
No. 2 + Scrap,

Gray Cast-iron (Blacnavon,
No. 2 + Scrap), ....

Monkland,
Clyde
Parkfield
Apedale,
Devon,
Calder,
Arinnai, Scrap i, . .

Calder J, Scrap }, .

Gartsherry,
Low Moor,
Shotts,
Elaina,
Arigna,
Gartsherry,
Shotts
Varteg Hill,

Calder,
Summerlie,
Madeley Wood, . . .

Elsecar
Cinderford,
Carron,
Gartsherry,
Muirkirk,
Klonkland,
Doulais,
Arigna,
Shotts,
Lillieshall,

Shotts,
Caedtalon,
BufTcry
Caedtalon,
CaiTon,
Doulais,
Doulais,
Blacnavon
Muirkirk
Milton,

Calder,
Calder J, Peutwyn J.

.

Arigna i, Peutwyn j.

Cold.

Hot.
Cold.
Hot,
Hot.
Hot.
Hot.

Cold.
Cold.
Hot.
Hot,

Cold.
Hot,
Hot

Hot.
Cold.
Cold.
Hot.
Cold.
Hot.

Hot
Cold.
Hot
Cold.
Cold.
Hot
Hot
Hot
Hot
Hot
Cold.
Cold.
Cold.
Hot
Hot
Hot
Hot
Hot
Cold.
Hot
Cold.
Hot
Hot
Hot
Cold.
Cold.
Cold.
Cold.
Cold.
Cold.
Hot.
Hot

Com-
mercial

No.

No. 2.

Scrap.
No. 3.

No. 3.

No. 2.

No. 4,

No. 4.

No. 4.

No. L
No. 1.

No. 2.

No. 1.

No. 3.

No. 2.

No 2.'

No. 4.

Na 1.

No. 1.

No. 1.

No. 3.

No. 1.

No. 2.-

No. 2.

No. 2.

No. 3.

No. 3.

No. 1.

No. 3.

No. 2.

No. 3,

No. 2.

No. 1.

No. 1.

No. 1.

No. 2.

No. 3.

No. 3.

No. 3.

No. L
No. 2.

No. 1.

No. 1.

No. 2.

No. 2.

No. 1.

No. 2.

No. 2.

No. 3.

No. 1.

No. 1.

No. 2.

No. 1.

Silvery.

Bright Gray.

Dull Gray

Dark Gray.

Characteb in Working.

w.

Xeast fusible; thickening rapid-'

ly when fluid by a spontaneous
"puddling;" vesiculai', often

crystalline, incapable ofbeing
cut by cliisel or file; ultimate
cohesion a maximum ; and
elastic range generally a mi-
nimimi.

er>' soft ; feels creasy ; peculiar*

micaceous appearance, gene-
rally owing to excess of man-
ganese; soils the lingers

strongly ; crj'stals large ; nins
verj' fluid ; conti'action large.

Tough and hard; can be mth
difliculty filed or cut; crj'stals

large and small, mixed : some-
times runs thick ; contraction
on cooUng a ma:iinium.

Toughness and hardness most
suitable for working ; ultimate
cohesion and elastic range
gencnilly are balanced most'
advantageously ; crystals uni-

form, verj' minute.

Less tough and hard than the
preceding ; other characters
alike; contraction on cooling'

generally a mininium.

Most fusible, remains long fluid;

exudes graphite in cooling

;

soils the fingers ; cn-stals

large and lamellar; ultimate,

coliesion a minimum, and
elastic range generally a mas
imum.

Specific
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8.

—

Causes of Liability to Bursting infring Red-hot Shot.

71. Amongst the causes assigned by artillerists for the frequent bursting of

guns in firing red-hot shot, have been these, that the windage is reduced by the

expansion of the shot enlarging its great circle, and hence the stress upon the

gun increased ; and that by the conjoint effect of the heat of the shot, increas-

ing its diameter, and that of the expansion of the gun (produced by the heat of

the shot) in an internal direction, or towards the axis, diminishing its caliber,

the shot becomes wedged in the gun. That this solution is erroneous is not

difficult to prove.

72. Sir H.Douglas (Naval Gunnery, p. 88) states that at a white heat a 241b.

shot expanded y\j ; a 16-pounder, y^j^ ; and a 6-pounder, ^ of their respective

diameters. These figures are probably erroneous, inasmuch as if the coefficient of

expansion and the temperature be the same for each shot, the ratio of expansion

to diameter should be the same for all.

Professor Daniell's experiments with his own pyrometer gave the lineal ex-

pansion of cast-iron between 62° Fahr. and its melting point at -X^ part, very

nearly ; it is almost certain that this largely overrates the amount, as the re-

sults of practice in iron-founding have constantly proved that the contraction

of fluid cast-iron in becoming solid seldom reaches j,}q of the lineal dimensions,

and never exceeds ^.
The figures given by Sir H. Douglas, however, may, perhaps, be accounted

for in this way—that the three diameters of shot were all cast from different

qualities of iron, and that, being cast in iron moulds, a certain amount of in-

ternal strain might remain permanently upon them, by the rapidly chilled sphe-

rical crust compressing the interior, which is relieved when the shot is again

heated red-hot, and which compressive strain would vary with the diameter,

and be least for the largest shot. The 6-pounder shot being small, and pro-

bably equally hard all through, this would not apply to it.

73. However this may be, it is certain that shot, cast in iron moulds, must

have a constant strain of the exterior upon the interior, and hence a powerfully

increased tendency to split and fly to pieces on striking any hard object, such

as a wall ; and this suggests that shot intended for battering purposes would

VOL. XXIII. 2 A



174 Mr. Mallet on the Physical Conditions

probably with advantage be either cast in sand (like shells), or, if in iron moulds,

afterwards annealed. The use of iron moulds, however, appears to be aban-

doned in several British foundries.

74. Shot frequently heated red-hot are said permanently to enlarge ; this

needs confirmation, but it would follow as a consequence of the conditions

assumed above to account for Sir 11. Douglas's figures. The explanation,

therefore, would receive some corroboration from this, if established.

75. We may, however, assume the mean diametric expansion of white-hot

shot (a temperature never reached in practice) as about -^ the diameter ; and the

following Table will show the impossibility of shot of the six largest classes of

ordnance becoming jammed in the gun from this cause, even assuming a certain

amount of internal expansion in the gun itself, which, if it produce diminution

of bore at all (as we shall hereafter see reason to doubt), must do so imper-

ceptibly, from the slight degree of heat communicated, and from its effect being

divided between compression of the interior and extension of the exterior por-

tions of the whole thickness of the gun :

—

^09. 1 and 2 aro shell-guna.

76. Even were we to adopt Sir H. Douglas's coefficient of expansion for the

24-pounder, and apply it to the 32-pounder, the gun having the smallest wind-

age of any in the Table, the shot would still have 0'0348 of windage left; and,

as the values of a in the empirical formula frequently used for obtaining the

velocity of shot

—

F=1600
lac

4w'
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in which c is the weight of the powder, and tv' that of the shot, a a coefficient,

having the following values for different windages:

—

Windage.
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to being fireil. The shot lies in coatact with the lower side of the chase, and

so heats the adjacent portions of metal of the gun, by direct contact, conduc-

tion, and radiation ; at every other point round the interior circumference of

the chase it is separated by a lunaric interval due to the windage, which is

widest at the upper side of the shot. All round this the interior surface of the

gun is heated almost wholly by radiation from the hot shot. The heat thus

communicated to the gun at its interior surface travels slowly, in pulses, out-

wards through its metal, and is still more slowly carried off and dissipated in

the suri'ounding air from its exterior. It also moves in pulses by conduction

through the metal, in the direction of the length of the gun ; but the main volume

uf heat communicated to the gun is accumulated closely in the neighbourhood

of the shot when rammed home. Each heated shot in succession adds some

increment of heat to that already acquired by this part, provided the interval

between one discharge and the next be not sufficient to enable the gun to cool

down to its former temperature, which can scarcely happen in service, or unless

it be cooled artificially. The gun is also heated powerfully in the whole length

of its interior by the flame of the powder, but the heat due to this also produces

its greatest effect close to the seat of the cartridge and shot when rammed home.

79. The result is, that in continued firing (whether with cold or hot shot)

the interior of the gun is hotter than the outside, and that the parts of the gun

nearest the breech are the hottest, and that the point around the interior circum-

ference here, which is the hottest of all, is the lowest point ; and furthermore,

that when red-hot shot are fired, all the conditions are greatly exaggerated

under which heat is communicated to the interior. Now heat is dissipated from

the exterior in two ways—by radiation, which, although not always strictly

equal all round, may be assumed commonly to be so, and by evection; that is

to say, by currents of air, which may act in either of two directions, vertically

or horizontally, but which generally act together. Lateral or longitudinal cur-

rents due to wind carry off a portion proportionate to the low temperature and

velocity of the air in motion.

80. Vertical and ascending currents are at the same time produced by the

rarefaction of the air immediately in contact with or adjacent to the heated gun

(which we assume to be nearly horizontal). These ascend, and give place to

fresh portions of colder air, which, impinging first upon the lowermost side of the
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gun, creep up past both its flanks, traverse more or less over its upper surface, and

meeting, pass away. The diagram B illusti'ates this.

81. Tlae conjoint action both of wind and of these

ascending currents will be to inflect the otherwise

vertical upward movement of the latter more or less

diagonally, but the conjoint action may produce more

rapid cooling than that of either separately. The

ascending currents of air, like those of the wind, evect

heat proportioned to the low temperature of the air and

their velocity of ascent. The latter is greatest at the

points of the gun that are hottest ; the velocity of the

wind being the same for every part of its length.

82. The result as to cooling, therefore, is, that in moderately still air the

lower side of the gun, upon which the cold air first strikes, is cooled fastest, and

its top side slowest. The same is the case with a wind blowing in a line with the

axis of the gun ; but with a side wind the gun will be cooled fastest along a line

of its exterior, somewhere between its sections by a vertical and by a horizontal

plane, both passing through the axis, and will remain hottest along the side

diametrically opposite.

83. The shot and gun being both iron, every degree of sensible heat, lost by

the former, will communicate a degree of sensible heat to the latter ; but the heat

lost is diffused through a larger mass, and hence conveys a diminished sense of

warmth. We have no means of determining, in the absence of experiments,

either the heat taken up by the gun, under given conditions in a given time,

or the actual velocity of its transmission through the metal forming the thick-

ness of the gun, from its interior surface.

84. But we are enabled to show, that at whatever rate the interior surface of

the gun may be heated, the passage outwards of the heat through its mass will

be so slow and retarded that the interior must be always greatly hotter than

the exterior. The case is one of conduction, and may be viewed, without ma-

terial error, as analogous to that of a uniform metallic bar, heated at one end,

the bar being assumed as any elementary radial portion of the gun's thickness.

8.5. Blot (Traite de Phys.) has shown that if the extremity of such a bar be

maintained at a temperature = (y) + F; y being that of the bar originally and
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of the air surrounding it, and F that of the focus of heat, and x any abscissa

whose origin is in ]', then the integral of the differential equation

dy d-y ,

which determines the momentary variation of y {a and b being constants, and

.'/ + iy) the temperature of the bar at the time t) becomes, on certain as-

sumptions

—

y = Y X {10)^^"'

wlience

Log?/: :Log J
._x_ lb

M4a
M being the modulus of the common logarithms. Applying this formula to

the results of experiment with a bar heated at one end, and furnished with

eight thermometers, at the distances apart given beneath, he found the follow-

ing temperatures for the several points along the bar :

—

Number of
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latter member of the equation only would apply. In the absence, however, of

any knowledge of the constants that would admit of an exact expression for the

phenomena before us, Biot's may serve as an illustration of the enormous dis-

proportion in temperature between the interior and exterior of the gun.

86. But a more precise expression for the facts may be had. M. Weidemann,

in a recent Memoir on the Transmission of Heat in Metals (Poggen. Annal.,

St. 95, p. 337), has found experimentally that a bar of zinc, having thermo-

meters placed at distances of two inches apart along its length, and heated

constantly at one end to 100°, had the following temperatures at each of the

thermometric points, viz.:

—

Length of Bar in inches
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Were these data known, a formula could be obtained by wliich the total effect

may be expressed of the splitting strain, produced by the mechanical effort of

the expanded interior, upon the relatively cold and unexpanded exterior of the

gun,—a force variable in the direction of the radius, and which is a maximum
at the interior surfiice, and zero or a minimum at the exterior one, or at a point

somewhat within it.

10.

—

Mechanical Equivalent of Expansion by Heat.

88. The measure ofthe mechanical equivalent of heat employed in producing

dilatation or contraction in a solid, may be expressed in tons by the equation,

T - tF=- i (3)
c

in which T is the higher, and ; the lower temperature, and c a constant repre-

senting the number of thermometrical degrees that the given solid must be heated

or cooled to produce an elongation or a contraction equal to that which it

would undergo by a tensile strain, or a compressive force of one ton, upon the

unit of surface. This equation assumes the body absolutely hard, and its elas-

ticity perfect, and hence is not absolutely true for any known substance. All

ductile metals, when heated or cooled under the constraint of resisting forces,

appear slowly to change their forms, and so accommodate themselves without

rupture or disunion to a strain, which, were they perfectly rigid, we shall see

presently, must in many practical instances otherwise far surpass the total

cohesion of the material. Thus, for example, the wrought-iron tires of railway

carriage-wheels are "shrunk" on red hot upon the bodies of the wheels, and

either cooled instantly in water, or permitted to cool slowly. In either way
it may be shown that the force developed by the contraction from a red heat

to the temperature of the atmosphere (60°), must inevitably, and in every case,

rupture the metal of the tire band, because the amount of contraction would far

exceed the total extension due to rupture of the iron. It does not do so, how-

ever, unless in exceptional instances, arising from defective workmanship or

material ; and the reason is, that through the ductility of the iron, especially at

a high temperature, it yields to the force, and draws out in length slowly, as

it cools, until the elastic forces assume a new state of equilibrium, and with the
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residual force of which the tire grips the wheel. A length of time probably

elapses before this state becomes perfectly stable, and indeed the gradual

loosening of tires, though partly due to the extension of the iron under the

continued rolling,out which it sustains against the rails in use, makes it some-

what doubtful if stable equilibrium be ever attained.

89. Assuming, however, the rigidity of the metal perfect, which is in fact ex-

tremely great in cast-iron, then in a cylinder, such as a gun, exposed to expan-

sion in the inside, the strains are the same as if it were exposed to the normal

and tangential strains due to a fluid pressure from within, and as (eq. 1) the

equation for equilibrium is

—

.^n^Jl^jn^l^, (4)

when

T-t 2 Re
(5)

c ~ D"
the gun would be burst by the expansion of the interior alone; or if the former

e
be less than the latter member of the equation in the ratio of - then is the w'*

part of the whole strength of the gun temporarily removed by its internal ex-

pansion, or by the reaction of the interior, against the exterior segment of its

thickness.

Applying Professor Hodgkinson's experimental results as to the extensibility

of cast-iron under strain, to this reasoning, and taking the coefficient of expan-

sion by heat, for cast and wrought-iron as the same for low temperatures (strictly

as 1000893 : 1000984 for temperatures under 212°), we have the extension for

cast-iron for the square inch of section equal about g-Q^jo
of its length for each

ton of load, up to 7 or 8 tons, at which its elasticity becomes permanently

impaired, that is to say, when it begins to lose its form. An equal change of

length is due to eight degrees of Fahr., difference in temperature. (Note K).

11.

—

Numerical Example.

90. Let us now assume a 64 lb. shot, rammed home at 2000° Fahr., which is

under a white heat, and that it remains fifty seconds in the gun while the latter

is being run out and fired ; that in this interval the shot transmits ^ of its

VOL. XXIII. 2 B
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heat to an equal mass of the cold gun; and that the whole of this is operative in

expanding a cylindric ring of a determinate thickness around the ball :—then,

we have

200°
ir=f^^25tons,

as the mean compressive strain per square inch upon this interior ring. But

as the ultimate cohesion of cast-iron does not exceed about 8 tons to the square

inch, the actual effect upon the strength of the gun is the same, as if about

three inches of its thickness were removed, or that an inch in thickness of its

interior metal were removed, and a total strain of 17 tons were at the same

time visited upon the remaining section of its thickness. At such a conjuncture,

with such a steady strain already on its metal, the gun is fired, and an additional

impulsive strain, equal to the work done in giving to the shot its initial velo-

city, is suddenly brought upon its material.

This, even with the regulation reduced charge for hot shot, of f the service

charge for cold shot, is seldom less than 2<| tons on the square inch of section,

producing, from the impulsive nature of the force, an extension equal to that of

a passive strain of 5 tons. The wonder, then, is rather that any gun stands,

than that many should burst.

91. Nor does this statement fully embrace the entire strains visited on cannon

by expansion. It is uncertain whether the coefficients of expansion for cast-

iron in three rectangular axes are alike. There seems good reason to suppose

that iron is a dimorphous body, and that in its rhombohedral form at least

they are not so. Its unequal expansion, then, in different directions, probably

introduces torsional strains, as well as the normal and tangential ones which we

have so far alone considered. We have neglected altogether the longitudinal

ones, and this may be safely done, since the pressure required to produce

longitudinal rupture is proportionate to

and that to produce tangential rupture, to

D'

and hence the longitudinal strength of a gun is always greatly in excess

R^^, 0>
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12.

—

Effect of a Heated Gun on the Charge.

92. To this should be added the consideration, that the ignition of the

powder dried by the neighbourhood of the hot shot and in a warmed gun, is

probably much more rapid, and its effect on the gun more severe, than in ordi-

nary cases, from causes already and to be again adverted to.

13.

—

Phenomena induced in " Quick Firing •' Limit ofHeating.

93. A train of effects, quite analogous to those described, are brought into

operation in very quick firing., whether with hot or cold shot,—when the interior

of the gun, continuallyreceiving fresh accessions of heat from the rapidly succeed-

ing flashes ofpowder, is not given time, to transmit it by conduction, through its

metal to the exterior. The limit of the heat that could be conceived commu-

nicated from one discharge to the gun, would be the whole of that generated by

the ignition of the charge. Assuming the formula for gunpowder to be KO, NO5

-t-S-t-Cs, its atomic weight will be 135, and one part by weight will include

01333 of carbon. Now, Andrews (Reports, Brit. Assoc. 1849) found that one

part of carbon evolves as much heat in buiming as will raise an equal weight of

water 7900' Cent. Hence, neglecting the sulphur as not oxidized in combus-

tion, the heat generated by the firing of any charge of powder is sufficient to

raise the temperature of an equal weight of water 7900° x 0'1333 = 1053° Cent.

= 1895'4 Fahr., or to boil about nine times its own weight of water, or to heat

about nineteen times (18-945 strictly) its weight, 100° Fahr.

94. The specific heat of water being unity, that of cast-iron (the mean of

those given for iron, 0'125 to 0143) is probably 0134 ; and that of gun-metal is

Oil (Thompson), 0'086 (Regnault). Hence, if C'be the weight of the charge

of powder, 141-4 C is the weight of cast-iron, and 172-3 C that of gun-metal

that the whole of its heat would heat 100^ If W, therefore, be the weight of

the gun, and the heat were uniformly diffused in its mass, — 100° will be
K yv

172''? C
the resulting temperature in the case of a cast-iron gun, and 100° that

for one of gun-metal, k being a constant representing the fraction of the

2b 2
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total heat generated, that is, communicated to the gun in the discharge. Its

value can only be determined by experiment, and in continued firing, will

decrease at each successive discharge, the gun gaining less heat as it becomes

warmer from each flash. A medium 12-pounder field-gun weighs 18 cwt., and

the service charge is 4 lbs. = jj^ of the weight of the gun. If the whole of the

heat from one discharge were absorbed by the gun, its temperature, assumed

uniform, would be raised about 34° Fahr. The whole heat, however, is not

absorbed, nor is that which is retained by the gun uniformly diffused.

14.

—

Explanation of'-'' Drooping at the Muzzle"

95. In this case (that of heating by quick firing) the interior expansion is

not almost limited, as in the former, to a ring in tlie immediate neighbourhood

of the shot, but extends to the whole length of the chase or bore, so that the

whole gun becomes lengthened by the "end on" strain of its expanded interior.

In bronze guns the coefficient of expansion is so great (greater than that of

cast-iron in about the ratio of 20 to 11), and the resilience, or power of elastic

recovery of form, so small, that in extreme cases the extension due to the end

on strain surpasses the elastic limit of recovery, and the gun becomes perma-

nently lengthened. When in this state the firing is continued, and the metal

becomes much heated throughout (though still hottest in the inside), heat is

carried olF by convection from the lower side of the gun, by the ascending

currents of the air around it,so fast, that the upper side ofthe gun is relativelyheated

and expanded more than the lower side ; and when the cross strain thus produced

has bent the metal beyond the limit of its elastic recovery, the gun " droops at the

muzzle," as it is called, an effect vulgarly ascribed, and even by writers on ar-

tillery, to the "softening of the metal by the heat," a condition that could not

happen until a temperature should have been attained, at which no cartridge

could be placed in the gun without its instantly exploding ; in fact, more than

a " red heat," 1800'^ Fahr. (Daniell.)

I am not aware that this explanation of the cause of drooping at the muzzle

has been before given. It sufficiently indicates the severity and injudiciousness

of the proof test, by " quick firing," formerly applied to all field-guns, and still

said to be used by some foreign governments.

I

J
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96. The plate No. 4 illustrates this effect on brass guns. Fig. 1 shows a

12-pounder gun fit for service. Fig. 2, the same gun " drooped at tlie muzzle,"

in an exaggerated degree. The gun becomes bent on precisely the same prin-

ciple that the length of the " gridiron pendulum" is preserved invariable, or the-

bar of zinc and brass in parallel bands of Doctor Ure's "therraostad" is inflected,

namely, by the difference of expansion, in these latter cases, of two metals having

the same temperature, but different coefficients of expansion, in that of the gun

by the bar or portion of the cylinder of the same metal, heated to different tem-

peratures at opposite sides of its axis, and, therefore, differently expanded. In

a gun whose weight is supported as usual altogether by its trunnions, its own

weight acts in favour of the distorting action of this expansion, by the over-

hanging mass of the breech and muzzle (a fact which, no doubt, led to the

popular view oi drooping at the muzzle) ; but the same effect, and very nearly

to the full extent, would take place if the gun were supported at the two ends,

a and b, Fig 2, in place of on the trunnions, in which case, in place of drooping,

the centre parts of the gun would rise and become arched or hogged, an

example that would afford an experimentum crucis as to the views here an-

nounced.

97. If A be the total deflection, and 8 that due to local inequality of tempera-

ture, and (j) the experimental flexure of the material for the unit of length and

12 f TF
diameter, then A = o + — —^ when the gun rests upon the trunnions, and

5 2PW
A — h — -

J
when the gun is supported at both ends only, assuming the

general form cylindrical, and neglecting the comparatively small portion re-

moved by the bore.

98. From statements further back, as to the variable temperature of points

taken from the inside towards the outside of the tliickness of the gun, it will be

seen that we are not able at present to determine at what distance from the axis,

in a vertical diameter passing through it, we might consider the whole of the

opposing forces tending to bend the gun concentrated ; were we able to fix these

centres of effort for any particular gun, the extent of its distortion for a given

difference of temperature between the upper and lower sides might be calcu-

lated. It is probable that in guns of the usual proportions of heavy bronze guns,
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these centres of effort will be distant about one caliber fromeacli other. The

H.eal expansion of cast-iron for 150= of heat is = -000893, and that of gun-

metal probably = -001541, the length originally being 1-000000 (Darnell)

The total elongation, therefore, for a gun of nine feet in length of chase, due

to a rise of temperature of 300^ would, if of gun-metal, be = -0332856 inches,

say -034 inches.

99. We may readily approximate to the

curvature that will be produced in any case.

For let ab = the length of the colder and

shorter side of the gun
;

gh = that of the hotter and longer

side, both taken at the as-

sumed centres of effort

;

OS - the distance between these

perpendicular to the axis

of the gun

;

, z ^
•

and assume the gun to bend into a segment of a circle, of which gvh = A is an

arc, k the centre, and kg a radius; then, calling |^ = h and half the difference

between ab and ,/. = half the elongation = . ;
and let .. = c, then we can find

nk and gl -i^R, the radius, and vo = the versed sine of curvature
;

for, call-

'ing the side ga of the small right-angled triangle gna = t, we have

i = y(c- + e')

but

:: R + i: e + I,

B + i =
yc- + 6' X (e + l)

Again, in the triangle gko,

and

y{ir+lf^+ef=-ok,

(R + i) - ok - ver-sin A. (8)
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15.

—

Numerical Example.

100. If we apply this to a 32-pounder brass gun, of 9 feet iii lengtli, in

which

—

I = 54: inches,

c = 6'5 inches nearly ; and

e — '017 inches,

we shall find that with the difference in temperature of 300° between the

two opposite sides, the radius of curvature will be 267^ feet, and the versed

sine, 0'46 inches, that is to say, the gun will be bent nearly half an inch from a

straight line.

The cause assigned is sufficient, therefore, to account for the extent of the

phenomena.

1 6.

—

Belation as to Distortion., of Gun-Metal and of Iron Guns.

101. It may be questioned, then, why does "drooping at the muzzle" occur

in gun-metal guns, and never in cast-iron guns. It does occur in cast-iron guns,

but in a degree so much diminished, as to be in them, imperceptible; and,

furthermore, after cooling again to an uniform temperature, the cast-iron gun

will, under all practical conditions (as to the extent to which it can be heated

unequally), recover its form, which the gun-metal one may not.

The following are the chief reasons, however, why this distortion is so much

greater in guns of gun-metal than ofcast-iron of equal sizes, forms, and charges :
—

1°. The gun-metal is much more heated by each discharge, in the ratio by

which it is a better conductor of heat than cast-iron, or as about

89 : 37, and, therefore, takes up more heat during the moment of

the flash. This is modified also in the inverse proportion to their

respective specific heats, so that the same quantity of heat that

would raise the temperature of the cast-iron gun 110° will raise

that of the gun-metal gun 134°. The gun-metal gun, therefoi'e,

takes up from each discharge, of the same weight of gunpowder,

about tliree times as much heat as the cast-iron gun.

2". Gun-metal is much more ductile and less elastic than cast-iron, and

possesses a much longer range through which its form may be

altered, before its elasticity is finally overcome, though with a
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greater cohesive force than cast-iron ; in fact, the element of ex

tension, upon which the value of Te the coefficient which M. Pon-

celet denominates " de la resistance vive d'elasticite," or the "mo-

dulus of resilience" of other writers, referred to hereafter, depends,

is much greater for gun-metal, and hence a given force produces

a greater proportional distortion of form.

3\ As already remarked, the gun-metal has a coefficient of expansion,

by equal heat, far beyond cast-iron, or as 1541 : 893, or nearly as

151 to 9. Hence, equal inequalities of temperature will produce

nearly double the distortion in the gun-metal.

4°. A very moderate increase of temperature above that of the atmo-

sphere (say 50°) greatly reduces the cohesion (and probably in a

far higher ratio the stiffness) of gun-metal, as the researches of

Baudrimont have rendered nearly certain, while it produces a

directly opposite effect on iron, and, we may conclude, on cast-

iron.

102. Baudrimont has ascertained that the relative cohesivepowers (coefficient

of rupture) of copper and of iron at the three temperatures, 0°, 100°, and 200°

Cent., are in the ratios of the following numbers,* which, as respects both, agree

pretty well with the results of the experiments of the Franklin Institute :
—
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discovered by Leslie) to cool faster than a smooth gun-metal gun,

with a semi-bronzed and polished surface, so far as radiation

alone is concerned, which, being equal all round the gun, tends to

make it, so far, cool equably, but the heat is carried off by evec-

tion faster from the surface of the gun-metal, in consequence of its

higher conducting power, and it is the evected heat (lost chiefly

from the lower side of the gun, as has been already shown) that

produces the main inequality of temperature in the piece ; the

disadvantage, therefore, is all on the side of the gun-metal.

103. Pursuing the method of Dulong and Petit, and ofRegnault, for deter-

mining specific heats, equal masses in cooling, under like conditions, lose

quantities of heat proportional to

^(T-t)xcP. ' (9)

2 being the specific heat ; <r, the specific gravity ; T and t, the temperatures of

the body and the medium ; and P the volume in each case.

If T—t he the same for each of two different bodies, with the same volume

and form, &c., equal cooling shall, under similar conditions, occur in times

proportionate to

•2xaP,

or in equal times the heat lost will be in the same proportion.

This for gun-metal and cast-iron will be.

Gun-metal, . . 0110x8400= 924,

Cast-iron, . . 0-134 x 7500 = 1005.

The gun-metal cooling, so far as its specific heat and density alone are concerned,

rather the more slowly.

104. But from the recent experiments of Prevostaye and Desaines, the

relative radiating power of rough cast-iron, painted black, to imperfectly polished

and weather bronzed gun-metal, may be assumed as 90 : 15.

Combining, then, the three principal elements in each case, for equal and

similar volumes at equal temperatures, and in the same media of equal tempe-

ratures, we have the relative rates of cooling for gun-metal and for cast-iron

in the following ratio :

—

VOL. XXIII. 2 c
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2 r C

Gun-metal, . . 924 x 15 x 898,

Cast-iron, . . 1005 x 90 x 374.

ur, as

124-46 : 338-28.

105. The cast-iron gun of the same size and in the same conditions will cool,

therefore, nearly three times as fast as the gun-metal one, taking no regard to the heat

lost in both cases by evection.

106. 6°. The softness and flexibity of gun-metal, as compared with cast-

iron, enables its form in guns to be distorted partially by internal

forces locally applied, which in cast-iron, are diffused in virtue

of its stiifness, through the other parts of the mass, and which thus

cause the whole to yield (if at all) without alteration in form, or

unsymmetrically.

M. Ardent, of the French Corps de Genie, has shown also that in bodies

possessing the physical properties of bronze or gun-metal, when elongation due

to any tractile force shall have nearly reached the maximum, consistent with

immediately unimpaired elasticity, very slight additions of force are sufficient

to produce greatly increased elongations ; the cohesive forces are no longer

in a state of stable equilibrium. When, therefore, a gun is strained by unequal

expansion up to a given point, very slight additional strains suffice to destroy

its form completely.

Thus it -will be perceived that, as compared with those of gun-metal, cast-

iron guns possess properties giving a minimum distortion by unequal heating,

and the power of complete recovery from the small distortion that they do

sustain, which is scarcely ever possible in gun-metal, owing to the great range

indicated by its coefficient T^-

107. The great extent of local distortion to which heavy brass ordnance is

liable is instructively shown by observation of the state of the upper side, at the

muzzle, ofthe chase of the French howitzer in St. James's Park: where the shells

appear to have grazed hardest, on leaving the gun, all projectiles (as is well

known) being thrown from side to side on passing through the chase, by the play

of windage {ballottage). The inner arris of the muzzle in this case is quite beaten

out, and elevated in an angular ridge above the level of the flat terminal of the
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remainder of the muzzle. But while the extreme rigidity and high elasticity of

cast-iron guns, are thus valuable and important, these properties, coupled with

the crj'stalline structure and low coefficient of rupture of cast-iron, cari-y with

them a train of disadvantages.

17.

—

Effects of Rigidity and repeated Discharge in Iron Guns—Limit to the

Number of Rounds.

108. The rigidity of the iron gun, greater in proportion as the metal is whiter

and harder, is such that partial distorting forces transfer themselves, to a great

extent, to the whole mass. The expansion of the interior of the gun, acting

tangentially, exercises against its rigidly resisting exterior, a powerful splitting

strain. The elongation of the interior of the chase, from the same cause, drags

or forces the exterior, to elongate along with it. The condensation by repeated

rounds, straining the metal of the interior beyond its elastic limit, is rapidly

propagated at every pulse to the exterior "couches" of material, and hence

gradually diminished resistance. The crystals forming the mass are at each

blow shaken more and more from perfect contiguity or contact, and from their

respective positions of molecular equilibrium, the particles of the whole mass

are loosened, and after a number of rounds greater or less, the gun finally fails

with a charge perhaps far below that of the proof, which it has many times

before withstood.

Such a result is unknown, or rather impossible, with gun-metal guns, unless

unequally overheated, or overloaded, and simply because of their long range of

elastic yielding, the high value of T^, that is, of the " work done" to stretch

the material to any given extent. To use a popular illustration,—the molecular

properties of gun-metal in resisting active forces are of the same character as

those which are exhibited (in their extreme limits) by the flexibility and elas-

ticity of caoutchouc, combined with the plasticity of tempered clay ; while those

of cast-iron are represented in their extreme limits, by the almost perfect

elasticity, rigidity, and cohesion of glass, or of various amorphous or crystallized

minerals—quartz, for example.

109. In the experiments made by Mr. Hodgkinson, for the Koyal Commis-

sion, on iron structures, it was ascertained that no cast-iron bar would sustain,

2 c 2
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without fracture, 4000 blows, each causing a deflection of one half the ultimate

deflection due to rupture from dead weight ; but no bar was broken by 4000

blows each producing a deflection ofone-third this ultimate deflection : the blow

in every case being made with a very moderate velocity.

110. As the valueof J, for impulsive forces (Eq. 17, 18) is double that for static

pressiu'e, it follows from the above that no cast-iron gun, whose proportions are

such that the mean extension of its metal, due to the maximum mean pressure

per square inch, of the explosion, exceeds one-fourth the extension due to the

strain of static rupture of the material, can withstand 4000 discharges.

111. In the experiments made of a similar character on wrought-iron, how-

ever, such a limit for fracture was not reached. We may conclude, therefore, that

the number of rounds capable of being fired without final dislocation, from guns

similarly proportioned as to ultimate strength in relation to the eflFects of the

charge, will be much larger in wrought-iron than in cast-iron guns ;—assuming,

however, that in large wrought-iron guns, the physical properties of the wrought-

iron are the same as those of small rolled or forged bars, which is far from being

the fact, if they be forged in large masses.

112. In the Great Exhibition of 1851 were several cast-iron guns, produced

at the Liege Foundry, Belgium, which were certified to have withstood the

following number of rounds respectively :

—

Size. Weight, lbs. Eomids.

30-pounder, 6055 .... 2000

24-pounder, short, . . . 1985 .... 3649

6-pounder, 1954 ... . 6002

6-inch howitzer, .... 1147 .... 2118

Several of the siege guns, 24-pounders, used at St. Sebastian in 1813, are

stated to have been fired 6000 rounds ; long before which, however, the vents had

been burnt away, and replaced, extemporaneously, with brass melted into them.

The mere statement, however, that a particular gun, or one of a particular

metal or casting, has stood a given number of rounds, proves nothing as to the

superiority or otherwise of the material, for the number of rounds that a gun

will stand is dependent, for guns of similar form and proportions, upon

—

1°. The coefficients Te and Tr of the material.

2°. The excess of absolute spare strength of the gun measured in terms
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of these coefficients, above the maximum stram that it is exposed

to in discharge ; that is to say, upon the small amount of extension

of its material at every round.

3°. Upon the uniformity of its molecular arrangement, precluding ex-

cessive local strains and extensions (which determine the final

destruction of the gun at this, as the weakest point), and upon the

absence of " planes of weakness."

4°. Upon the coefficient of velocity for force transmission, for the ma-

terial.

In every case assuming no injury done by overstraining in any discharge,

or by local overheating.

Hence all absolute comparisons which neglect to take into account these

several conditions are fallacious, and founded on an incomplete conception of

the question.

113. And from these properties it is perhaps chiefly that such capricious

uncertainty exists as to the number ofrounds that a cast-iron gun will bear before

being disabled. Two guns, cast from the same metal, by the same founder,

apparently equal in all dimensions, of the same age, both unused, except as to

having stood proof, and taken from the same tier in the arsenal, when brought

into service with ordinary charges, the one shall stand perhaps 2000 rounds

without observable injury, and the other burst after one-tenth, or less, of the

number. How do they differ ? Not in mere ultimate cohesion ; a piece cut

from either may sustain almost exactly the same passive load before fracture

:

but the value of T^ largely differs in one and in the other. The one has its

crystalline particles so arranged, and their constitution such, that a long range

of change ofform must be passed through, before rupture is possible. The other

has its crystalline arrangement such, that it is rigid, harsh, and unyielding,

though not less tenacious, than the former, because it will require as great

a force to break it ; but it suffers more by every shock, and is sooner, so to say,

shaken to pieces. And hence it is, that in our arsenals and gun-foundries, the

attention of those in authority, has been and is, so much misdirected, in seeking

only for materials for ordnance of the greatest ultimate cohesion, and apparently

remaining ignorant of this other equally important, though less obvious or easily

grasped condition. It is not a little remarkable that of the three foundries
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from which for a length of time the most reliable guns (of cast-iron) in the

British service have been produced—viz., the Carron, the Low Moor, and the

Gospel Oak Works, are those whose "makes" of iron present precisely the

character here insisted upon—namely, an extremely high coefficient of exten-

sion
( Tc) as compared with their absolute ultimate resistance to rupture.

Having in the foregoing pages pointed out some of the circumstances, almost

all of a character purely physical, i. e., molecular, which afiect both the construc-

tion, and the destruction of ordnance, I propose to discuss briefly the relative

advantages and disadvantages of the same class, which belong to each of the

four principal materials that have been in use, or are now proposed for their

fabrication. These are, gun-metal, cast-iron, wrought-iron, and steel.

18.

—

The General Relations of Elasticity to the Construction of Guns.

114. The elasticity of solids is of two sorts

—

cubic elasticity^ which is the

resistance that the body presents to change oi volume by the application of pres-

sure ; and linear elasticity, which is that which opposes change oiform. These are

very different in different bodies, and different from each other in the same body.

Glass or steel, for example, powerfully resists either change of volume or of

form ; caoutchouc admits of a large alteration of either. Cork readily changes

its form ; its lineal elasticity is great, while its cubic elasticity is small : while

cold carpenter's glue or whalebone probably present to it, relations exactly the

reverse.

When change of form takes place in a solid, whether by extension or com-

pression, it is always accompanied by some change of volume ; otherwise the

heat evolved on rapid and considerable change of form (as in tearing asunder

a bar of iron) is hard to be accounted for. The specific heat diminishing as

the density increases, by decrease of volume, at or near the point of rupture
;

or possibly the heat evolved being the mechanical equivalent of the force

employed in producing the changes in volume. It cannot be that, of the force

employed in producing change ofform only—because mere fracture, as when a

hole is struck out from a thick plate of iron by a cannon shot (under whose rapid

stroke the toughest iron breaks as a brittle body), produces a remarkable rise

of temperature in the adjacent parts of the plate.
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115. Poisson has shown, and Cagniard de la Tour has experimentally veri-

fied, a singular relation between linear and cubic extension or compression ; that

if i = -^ be the proportional elongation of a bar whose length is L, and whose

elongation for unit of length is I, and a the diminution of cross section, which

the original cross section A sustains as due to i, then

so that the reduction of cross section is equal to half the elongation. From
which it follows that the total volume of the bar augments by a fraction = ^i,

although its cross section diminishes. The original volume of the bar = AL
becomes

(A - a) X (L + l) = AL + Al - aL - al

;

and, neglecting the product al, which is small with respect to the others, the

total volume becomes = Al — aL, and the increment due to i,

But if the bar be exposed to compression in all three axes, L, B, D, simul-

taneously by forces perpendicular to its faces (assumed a square prism), and

the pressure on L, be that as before on A; L, B, and D being respectively the

length, breadth, and thickness of the bar, then the compression of the bar in L
shall be only half the former, and the volume of the whole bar becomes

LBD (1 - yy = LBD - |-i LBD
the decrement due to i being

^iLBD. (12)

Neglecting the functions of the small firaction of i as before, the cubic contraction

or expansion of the bar in this case is measured by #i.

116. Now, when a bar of a homogeneous metal is heated, and expands in all

directions alike, forces analogous to those above, but acting in opposite direc-

tions from within the mass, may be considered as applied perpendicular to the

faces of the prism ; but the increase or decrease of volume is altogether different,

being twice the former, fi = 3i (i being in this case the lineal expansion or
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contraction due to a given difference of temperature), in accordance with the

well-known fact, that the dilatation in bulk of solids is (quam prow.) three times

the lineal expansion.

This singular result, which, it should be mentioned, however, is not fully

confirmed by the experimental facts of Wertheim (Ann. Ch. Ph. t. xxiii. p. 52),

would seem to indicate a radical difference, in the nature of the molecular forces,

which resist change of form by mechanical force, and those which are developed

in the change of volume by heat, and therefore that we should at present take

with some reserve the conclusion commonly asserted by physical writers on heat,

that " The mechanical force brought into operation by change of temperature

in the expansion or contraction of a bar of metal through a given fraction of its

length,
-Y,

is precisely equal to the mechanical force required to extend or to

compress the bar by the same fraction." We shall return to this subject here-

after, in considering the construction of wrought-iron guns built up in rings.

For all cases of a practical character in construction, the change of volume

in relation to the lineal elasticity is small, and may be neglected ; we are, there-

fore, concerned at present only with lineal elasticity, as a resistance to force

applied in one or in two rectangular axes, and may also pass by the elasticity

of torsion, which Mr. Eankine, in common with some other physicists, in an

able paper (Institut. for 1850), makes a third and separate class.

117. Continuing our last notation : the prismatic bar, whose length is L and

cross section A, is extended or compressed in length by a force P, and suf-

fers an extension or compression I, which is proportional to its length, so

that -jr- is a constant = i for unit of length.

The elastic resistance which balances this force e, on the unit of surface,

is measured by e x ^4, or by

— = P ^ or P = ^Ai — ei, A being = 1. (13)

Assuming that elasticity remained perfect, and such that the bar would bear to

be extended or compressed by a range equal to its own length, we have in the

equation

I
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P = eAi

A = I, I = L, and i = 1; so that when (14)

then e is the modulus of elasticity, or the force that for a given material on

the unit of section (= 1 square inch) should be equal to compress or extend

the bar its own length ; a purely arbitrary constant, which may be conveniently

expressed in terms of the length of the bar ; for if 8 = its specific gravity, and

E = the breaking weight, or force, for unit of cross section, L the length

jO p
= — or modulus of cohesion, and X^ = - or — the modulus of elasticity, and as

here i = 1, if i' be such a fraction of the extension or compression as belongs to

the point at which the elasticity is crippled, - i' may be used to express the

modulus of elastic limit.

118. The property of elastic, or rather ofimperfectly elastic bodies, as we find

them in nature, is that at a certain limit of force, their elastic resistance gives

way altogether, and the body, whether by extension or compression, becomes

crippled, when after a certain range, greater or less, a new equilibrium is estab-

lished, and so on until at length, by a further application of force, it becomes

ruptured or crushed. "When the actual strain bears a large proportion to that of

rupture, the element of the duration of its application can never be in strictness

neglected. Vicat showed, by experiments made before 1833 (" Ann. de Chem.

et Phys.," t. liv. p. 38), that when the actual strain did not exceed one-fourth that

of rupture, the extension of wrought-iron which took place almost immediately,

did not increase by time, but that with strains above this proportion, the exten-

sions slowly increased, in a ratio which was directly as the time, and for equal

times, was directly as the tension or strain. Thus, also, a strain almost, or per-

haps altogether, capable, after some time, of producing rupture, may be borne

with impunity for a very brief interval ; so that a gun may sustain, without injury,

during the momentary expulsion of the shot, a pressure that, continued for some

longer time, would burst it.

Vicat's brief but conclusive experiments, made about five years anterior

to the publication of Mr. FaLrbairn's, on cast-iron, seem to have been quite

unknown to that gentleman, as well as the elaborate experiments of the

VOL. XXIII. 2 D



198 Mr. Mallet on the Physical Conditions

Franklin Institute, on tension at high temperatures, equally unnoticed by

him.

119. Poncelet has devised a coefficient to express the relation of the work

done by the force balancing this resistance, at each of these limits: the one T„

which he calls that of" resistance vive d'elasticite ;" the other, Tr-, that of " resist-

ance vive de rupture." They express respectively the work done by the force

P moving tlirough the space z, up to the limit where elasticity is lost or materially

altered, and up to that of rupture or crushing ; in both cases as the nearly

immediate results of application of the force.

For the resistance vive of elasticity, as P = ez, we have

Te=hPiovieP; (15)

and a similar expression applies to Tr, increasing the values ofP and i in either

case for each special substance.

120. The force P is variable between the limits o and i—

i=-^andP=^i (16)
eA L

If X be any small extension or compression the n" part of f, the P, corre-

L
eA

spending to or = -y^x, the work done in extending or compressing through the

eA
infinitely small additional space Ax (assumed uniform) = -j^xAx, and the whole

work done,

Tt = -^j^\xdx — ^-F-i^ or |ei^ for unit of L and A as above. (17)
Ij Jo Lj

121. Kthe strain P, due to z, the extension or compression, be brought at

once upon the bar, then the work done upon the bar will be double the former

eA .

= -^ i^ and the extreme extension or compression will be 2i, and the end of

the bar i, will oscillate from o to 2j, making equal excursions at either side of i.

If between equations i — —j and T^ — \-y-v^ i be eliminated, we have
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Te = ¥^, (18)

indicating that the work done by any strain in extension or compression of an

elastic bar varies directly as the square of the strain, times its length, and in-

versely as its cross section, times the modulus of elasticity of its material.

(Moseley.)

122. Poncelet has investigated, with his usual adroitness, a number of ques-

tions relating to the oscillatory, movement of bars subjected to constant strain

and to impulses, separately or together, which are of the highest interest in rela-

tion to the peculiar class of strains brought upon "artillery at the moment of

discharge. There are three principal cases :

—

1°. Where strain possesses no initial velocity, as in that just considered.

2°. Where the strain does possess an initial velocity—impulse.

3°. Where a permanent strain being on the bar, it is subjected to that

of an impulse in addition.

123. Case I.—As has been already stated, the maximum extension or

compression, 2i, is double that duo to the statical extension or compression, i;

while the extension or compression at the point of maximum velocity of oscil-

lation, is one-half the maximum, or equal to the static = i.

Let 21 = I' the maximum, and I be the extension or compression due to some

intermediate point in the range of oscillation of the strain P and of the ad-

jacent extremity of the bar; then the velocity due to any extension or compres-

sion, I, is

I'

or, more simply, since P = eAi = eA-=r, suppressing the common factors,

V' = f,(2l'-i]l, (20)

and extracting the square root, and making [j)= lipj ) = ^j 9 being the

coefficient of gravity, — 32^^ feet,

V^ky\{2l'-l)l\ (21)

2 d2

±-r'^2{Pl-i~P] = i2P -'-^1)1; (19)
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The coefScient h is readily obtained, g and I' being both known, ^/l (21' — I) l\

is a mean proportional between 21' — I and I, and is also had when I is given.

It may be also shown that

V=kl,sin,kT, (22)

T being the time from the commencement of motion, when the extension or

compression is I, and the time due to I', the maximum expansion or compres-

sion is

n being = 3'1416, the ratio of the circumference to the diameter; so that the

time of one complete oscillation is double this, or,

and the number of complete oscillations per second of time

2T:^i\l'J 2-Kyi\PLj

in which it may be remarked that inversely N : T^. The mean velocity of

oscillation being equal to twice the amplitude 21' divided by the time, or to

WN^ is given by the expression

The effect of the strain P producing acceleration at any moment, T, which eifect

is the whole of P at the moments that the oscillation begins and ends, is

P{l-cosin]cT), (27)

that is to say, its periodicity varies with I, assuming as is done throughout, that

the extensions or compressions are proportionate to the extending or com-

pressing forces, and that between o and I' the elasticity of the bar remains

perfect.

124. Case II.—When the straining load possesses an initial velocity. Here

p
the work done by the initial velocity, half the vis viva of — at the moment it

reaches the bar, together with the work done by P, times the height Z", must be



involved in the Construction of Artillery. 201

equal to the work done in the opposite direction by the elastic resistance ofthe

bar, or

P^ -V PI" = \AeLr\ (28)

V being the initial velocity.

While the elasticity is perfect, the law of the oscillation is the same as in

the former case, but the extent of their excursions is greater.

The static extension or compression, V, is also that at the moment of maxi-

mum velocity,

V = jX,

and the maximum extension or compression

l" = l'+ h'^+Y^\ (29)

or, replacing I' and k by their values,

or for the unit of length,

If P' be the effort capable of producing statically or permanently the maxi-

mum extension or compression (within the limit of perfect elasticity), we
have

so that the excess of this over that ofP, as well as the excess of the extension

or compression jil'^ + p")' ^°*^ increase with the initial velocity % but more

gradually in proportion as the actual length L of the bar is greater.

In the second half of each complete oscillation, or that in the opposite direc-

tion to the commencing movement (whether due to extension or compression),

there will in this case be a contraction of the bar, or an extension beyond its

primary limits due to the reaction of the moving strain, acting in the reverse

direction at the termination of the oscillation ; this is given by the expression,
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The equation for maximum extension may be put in a more convenient

form, for k- being = ^ if we call H the height -~ due to T^, it becomes,

/" = l' + Jfr- + 2gH -\ = l' + y[l'{l' + 2R)l (34)

which shows that I" exceeds I', the static extension or compression due to Phy
a mean proportional between I' and I' + 2H. This, therefore, measures the

effect due to the initial velocity of the straining load.

If r = the semi-amplitude of oscillation, or 2r the amplitude,

r = ](l'^^l) (35)

If then T' be the time corresponding to \[l''+ ~hr)~^'^ ^^^ 7 the time

when the end of the bar has reached any extension or compression /,

;==^'-rcosin A;(r-|-T'), (36)

and the velocity at the corresponding point

V= k y[r'- - (r - If] = kr sin k{T- T% (37)

tiie value of the corresponding effort of the straining force being

PI
P'^Y- (38)

Lastly, the time of one complete oscillation,

and the number of oscillations per second,

From what has been stated it is obvious that if, in place of the straining load

having an initial velocity, we have an elastic bar strained with a static load, and
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that we extend or compress it by a further static strain, and then suddenly

relieve it of this latter, tlie train of phenomena produced will be precisely the

same as in this last case, and the same formuloi will represent them.

And it is further obvious, that if the inertia of the bar itself be so consider-

able as to be taken into account, similar phenomena will, upon its being slowly

extended or compressed and then at once let go, present themselves. To express

these, and many other varieties of condition of this problem, that will at once

suggest themselves, some modifications of the formula would be needed. These

questions, however, are of less practical value.

125. Case III.—Where there is a permanent strain upon the bar, and it

is also subjected to an impulse from a new strain having an initial velocity, it

follows from the laws of impact, that if the strain and the impulse be both due to

solid bodies, the first, forming part of the bur (or even being the bar itself), and

the second a solid striking it with a determinate velocity, then the common

velocity after contact will depend upon the elasticity and range of the striking

bodies. After several oscillations, and the system has come to rest, w^ have

for equilibrium,

I'-^ +h^ (41)

p being the weight of the unit in length of the bar.

Let P be the permanent strain, and P' the impulsive, with the velocity V
due to H', so that V = y(2cill'). Then, on the principles already established

the maximum extension would be that due to the descent of P + P' through

S', and the equation of work done by the strain, and by the bar, would be,

l^V^eAi, (42)

if no change of form occur in P and P", and the inertia of the bar be ne-

glected.

The loss of vis viva will depend upon the degrees of compression of P and

P' and upon the extensibility of the bar L, the compression being greatest if

the extensibility was = 0, and least, ifP was free to move under the effect of P'

without restraint from the bar, or its resistance = 0.

If V and v' be the velocities lost and gained in the infinitely short time f,

and F= the variable force of reaction, Mand M' being the masses of P, P',
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V v' vfF= M -= M' — and M —, and Mv being always = Mv', during the range

of compression,

F-P = M''"-^, F + P-eAi = M- (43)
t z

Where the bodies are very compressible, so as considerably to diminish

the intensity of F in the directions + or — according as P acts with or against

v'
P' substituting the value oiF=P' + M' - as above, we have,

PArM-^P-eAi = M-, or {P+ P~eAi)t = Mv - M'v'. (44)

If on the contrary the masses il/, M' are such that their mutual compressions

during the time of impulse, may be considered insensible with relation to I,

which will always be the case when the masses are large, and their range of

elasticity small (hardness great), and the length and extensibility of the bar

relatively great,—then, as

F=Mv = M'v',

M and M' assume the common velocity F", and

F" =p^F', (45)

at the first instant of extension or compression of their bar, and their work upon

the bar is {M+M') V"-M'V\ or the initial vis viva,

M' T" 9 7"' 77'

^M^M')V'-^j^,Mr^ = p^M'V- =
f^^-,

(46)

and the corresponding loss of eifect (as M and M') are supposed to remain in

contact,

^ ,M!V'^=-;^MV'\ (47)
M-\-M' P+F

Lastly, if the mass M, instead of being at rest, had a previous velocity F'",

either in the same or in the opposite direction to V (and to which a given
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extension, or compression I, of the bar was due) : then the common velocity,

as before,

y„ _ M'V'±3IV"' _ P'V'± PV"'

and the initial vis viva,

(M+ M') V- - iMV'±MV"J _{Fv^rvy

126. We have now to determine the conditions of the first oscillation, for if

the elasticity of the bar then remain uninjured, it is subjected to no greater strain

by any subsequent one. Half the vis viva., plus tlie work done by {M-\- M'),

acting through the height due to the extension of the bar from the moment of

impulse, /', must be equal to

PT
\Pl' = ^P-^=leAM; (50)

and this, if the elasticity of the bar remain uninjured, must not exceed the

value of

T, = TJAL, Z being = ^eALP, (51)

or if it be just not broken, must not exceed that of

Tr=T;AL. (52)

The maximum extension, assuming the former, and that P has no initial velocity,

L' being the length of the bar when most elongated or compressed, and / the

proportional extension or compression corresponding, is

(P +F')~ + {P+P') {I-i')L + yALv = leAP, (53)

2L
which may take a simpler form, for, multiplying all the terms by —-r-, we

have

V P I' PL
L'^LI, P^eAi'^eAj^, or-^ = ^' = -^, -^^l';

and if i" be the proportional extension or compression, and I" the actual, pro-

duced in the bar, by a static strain equal to P', the impulsive body, by analogy,

eA~^ ~ r eA ~ * '

VOL. XXIII. 2 E
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the equation then becomes

^1±Jl1v"'^2{1' + 1") {L'-l') + r- = L"; (54)

and abridging, as before, by making

k' =
l' + l"J~yl\{P + F)Lj'

we have

L'^LI=l'+r'±J{l"'+^]; (55)

twice which l(l"' + -pT:-,)±(i' + l"), corresponds to the maximum elongation

or compression, and the smaller value to its minimum, if the sign be +, or to its

maximum if it be — , that is to say, according as P' acts with or against P,

assuming always that M, M\ and L remain in contact after the impulse

of if'.

127. The fundamental equation of motion, by which the velocity V, common

to 31 and J/' at any point, where I = Li, is obtained on the principle of vis viva.

For the increment of vis viva of J/ and M', since the commencement of motion

(M+M') (V- V"-) is double the work {P+ F) {I -I') developed in them

and due to the H' = 1- /', less by twice the work,

le4i(r-i'^) = r-^(^— n,

which is thus developed in the opposite direction by the elastic resistance of

the bar eAi, during the time due to H' = 1 — I'

.

To obtain F, therefore, by means of /, we have,

{P±P)_y. _{l±Illv''^^'L {p^F) {i-v) -~ (I' -r-\
9 9 ^

multiplying all the terms by —^,

^ -^ = 2 (/' - Z") {I-}!)- r- + P = I'" - (/' + r - If.
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The time of one complete oscillation is

tJ-;K=2. IC^)=2.
/^^^+^)^'

and

ky-^"^\ 9 J~ A ff^^^

k' being 9 \_ if 9'^^

l' + l")~>i\{P+ P')Lp

-J(''"-?^)

k' and »•' corresponding to k and r in the equation of preceding cases. The

number of oscillations per second is therefore,

T 27r 27Tyj\l'-l"J 27: y!\{P+P)L/

It may be shown that the entire elongation or compression of the bar I at any

instant of its motion t is given by the equation

l^r + l"(l- cos k'T) +^ sin k'T,

128. It follows from the foregoing, that the period and time of oscilla-

tions produced in elastic bars, by longitudinal extension or compression are

independent of the intensity or the velocity of the impulse producing theui,

and depend upon the product of the cross section of the bar, multiplied into

the coefficient of elasticity of its material, upon the absolute length of the bar,

that oscillates, and upon the original strain of compression or tension, under

which it oscillates,—in all cases assuming the elasticity to remain perfect, and

that the strain remains constant for the whole of the oscillation.

129. Professor Hodgkinson and others have shown that strains, however

feeble, produce some permanent elongation or compression in iron, and the same

is probably true for all materials. Perfect elasticity, therefore, is not found in

the nature of solids, and investigations founded upon its assumption can only be

taken as general guides in practice. Professor Hodgkinson's results (Trans. Brit.

Assoc. ) infer, that in the case of cannon, every discharge must permanently injure

2 E 2
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the gun, though for a great number of rounds, perhaps, quite imperceptibly
;

but the injury effected by each successive discharge goes on in an increasing

ratio, and after a certain number, more or less, must end in the destruction of

the gun;—yet that when the value of the constant Te is high, and the surplus of

strength to the impulse large, as in the case of the forged wrought-iron barrels of

small arms, this process of gradual destruction by use is inconceivably prolonged,

as evidenced by the endurance of old firelocks and fowling pieces, from many of

which, thousands of shots have been fired without perceptible deterioration.

130. In all the foregoing equations, the metallic bar has been supposed

a straight imiform prism, fixed at one end, and loaded or otherwise strained (in

extension or compression) at the other. But if for L we substitute its value,

27r7?, in assuming the bar bent round and united at its extremities into a ring,

to form a portion of the cylinder of a gun, all the equations will equally apply

to the tangential strains, while they apply directly to the longitudinal ones.

If the value of J. be assumed small, i. e. aunit of section of the whole thickness

of the gun, then 2i? may be taken = the caliber, for the portion of metal exposed

to the greatest strain; but if the whole thickness of the gun be included in A,

and for a determinate length along its axis, then the value of R must be taken

at an intermediate point between D' and D" (Eq. 1), to be specially ascer-

tained, where the mean of the tangential strain, variable in the radius, shall be

situated.

131. In fact it is plain that a unit in length and thickness of the gun may be

viewed as an elastic hoop, expanding and contracting under impulse, the maxi-

.

mum elongation being measured from an imaginary point of origin taken any-

where in its circumference ; and, as we found (Eq. 20, 22) that the extension or

compression due to P, when suddenly applied, is = 2i, so, in calculating the

stress upon the unit of section of the metal of the gun, we must take the exten-

sion or compression as double that due to the maximum pressure of the elastic

gases per square inch, and only give such a value to R (in Eq. 1) as will satisfy

this condition, without crippling the particular metal to which we may apply

our calculations. It would appear to be from ignorance of this, and the reliance

upon conclusions as to extension or compression of the materials, based upon

the assumption of merely statical strains, that many failures of newly projected

guns, have latterly occurred.
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132. In the physical conditions of application of the impulse as produced

by the explosion of powder, however, there are some important differences from

any of the cases of application of the strain already assumed, besides that of the

total withdrawal of the strain or impulse, almost immediately after its applica-

tion, and depending on conditions the precise nature and constants of which

are as yet so imperfectly known that it would be useless to pursue tlie appli-

cation of analysis to them at present.

133. Amongst the most important data required is an experimental know-

ledge of the rate at which gunpowder inflames in relation to the whole mass, and

the curve which shall represent the increase, and subsequent decrease, ofpressure

on the interior of the gun, from the first instant of ignition, to the moment that

the ball leaves the muzzle. (Note L.) Certain formulas are given in gunnery

class-books, purporting to represent the time of inflammation of powder, based

on the assumption that its grains are spherical and equal, and that the time of

burning inwards from the surface to the centre of each sphere, is the same as

for the whole mass. The assumption is, however, perfectly fallacious, for

obvious reasons.

But a true result may be arrived at experimentally by a suitable arrangement

of galvano-chronometric apparatus with much facility and accuracy; indeed,

the author has already (incidentally to his experiments on the rate of transit of

earthquake waves in solids, by means of the explosion of small mines) had

occasion to determine the time of inflammation for a mass of 25 lbs. of powder

(Trans. Brit. Ass., 1851); it would be most desirable that such an inquiry

were pursued. Equally so would it be that the curve of pressure within the

gun, during the ball's traject through it should be ascertained experimentally.

There seems little ground for doubt, that apparatus could be applied to a gun

on the principle of the manometer, or rather of the aneroid, or of Bourdon's

pressure gauge, such as to receive the pressure as in the interior of the gun,

with which it should communicate, and to register it at once in the form of a

curve, for every instant of that fraction of a second, occupied by the ball's

traject through.

134. From the extreme rapidity with which the pressure increases within

the gun from the moment of ignition up to the point ofmaximum, a condition of

the matter of which it is formed, related to its elasticity, and dependent upon
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which is the rate at which force itself is transmitted through its mass, becomes

not wholly unimportant. The formula

in which d and /* are the density of mercury at zero, and the height of the

barometric column at 30 inches, expresses the velocity of sound in any solid

whose modulus of elasticity is E and density D (omitting the coefEcient for

heat due to compression), and also expresses the velocity with which any

impidsive force whatever is transmitted through the same solid. This transit

rate, then, is proportionate to i/eZ), and for

Gun-metal,

Cast-iron,

Wrought-iron,

Steel, . . .

151

203

239

258

proportionate, omitting decimals, to the numbers severally annexed. The

actual velocity is great in every case, being, probably, not less than 11-090 feet

per second for cast-iron, as determined by Biot and Malus ; but it is observable

that its rate in gun-metal is not much more than J that in steel. Were it pos-

sible to have a gun of sufficient thickness, therefore, the impulsive effect of the

explosion might have reached its maximum and vanished altogether before the

strain visited on the interior portions had been transmitted to the exterior.

This cannot occur in practice, but in no case is the ivhole of the impulse trans-

mitted equally through the whole thickness of the gun, and the less as the

above numbers are smaller. There cannot be a doubt that this, coupled with

the ductility of gun-metal, is one of the causes why guns of that material bear

without destruction such heavy charges.

135. Again, as cast-iron is a crystallized body, and its planes of crystal-

lization variously arranged, as already shown (Chapters 3 and 4), and the

elasticity of the integrant crystals probably different in different axes, it follows

that the same internal impulse will not be transmitted at the same rate through

the mass of the gun, in the directions of these rectangular axes. Hence probably

another reason why impulsive or shattering forces act so injuriously upon it.
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136. In concluding this discussion of the relations of elasticity only, to the

materials for constructing artillery, it will be desirable to make clear the still

more important relations of ductility and ultimate strength upon which the

values of the coefficients of resistant vis viva of elasticity T^ and of rupture T
(already referred to) depend.

137. The following Tables, iv. and v., give the results of the experiments

upon direct extension made by M. Ardantof the French Corp de Genie, and by

M. Bornet, for steel in its several conditions, harsh and ductile wrought-iron, and

hard and annealed brass ; and Table vi. the relation of elastic limit and exten-

sion, to ultimate cohesion :

—

Table IV.

Experiments of M. Ardant on the Elongations per Metre in length of Wires, under Tensile Strains

increasing vp to Rupture.

strain in
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Table V.

Experiments of M. Bornet on the Elongation per Metre of soft ductile round Wrought-Iron Bars,

usedfor making Chain Cable, under increasing Tensile Strains up to Rupture. Diameter of Bars,

495 millimetres ; Length 6'42 metres.

Strain per

Millimetre square in
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Table VI.

'Relation of Elastic Limit, and of Extension, to ultimate Cohesion, according to Continental Experi-

menters, in English Measures.

Katuke of the Metal, asd
Authority.
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respective curve. It is obvious, then, to the eye, that although the strength of

cast-steel (its ultimate cohesion) is enormously greater than that of the very

ductile iron, still, from the greater range of extension, of the latter, in the

abscissa d'z, the " work done" in producing its extension to final rupture, or

even its extension within the elastic limit, is enormously in excess of tliat

required to bring the cast-steel up to its point of rupture. In fact, in round

numbers, it loill require ofany foixe' in motion^ abovefifty times the effort to rupture

a given section and length of ductile wrought-iron, that will rupture the best and

toughest cast-steel; while again, for the very ductile wrought-iron, its value for

Tr is nearly six hundred and fifty times that for J^, so great is the range or limit

of work to be done, between the elastic (safe) limit and that of rupture.

140. Hence it follows, that a gun formed of cast-steel, or of harsh strong

wrought-iron, provided it have an enormous surplus of strength above the

highest strain to which it is to be exposed, will be very safe ; but if its pro-

portions be reduced within a narrower limit of balancing the final resistances

with the bursting strain, or if the latter be brought up, accidentally or other-

wise, so as to approach sucli balance, the cast-steel or the harsh wrought-iron ivill

be the most unsafe gun possible, ivliile in all cases the gun of ductile iron will be the

safest. This might be popularly illustrated by saying that the former gun

approximates to one of enormous strength, but made of glass, while the latter

approximates to a gun made of sufficient strength, if conceivable, of leather or

of India-rubber, or to the silk-wrapped guns of the Chinese.

141. The highest possible ultimate cohesion is, no doubt, most desirable;

but this quality alone will not answer for ordnance (or for any other purpose in

which impulsive strains are concerned) : it must be united with the largest pos-

sible amount of ductility within the elastic range, to give security, or otherwise

security must be purchased by the accumulation of an immense overplus of

material. Were it possible to procure some variety of wrought-iron or of steel

that should possess the great ultimate cohesion of the latter, united with the

long range of extension of soft ductile, such wrought-iron as is used for making

chains or rivets of, we should obtain tlie ne plus ultra of a material for the

fabrication of artillery ; but the latter indispensable quality appears, in tiie

present state of metallurgic science, incompatible with tlie nature of steel in

any form. The attempts, therefore, recently made, at great expense, to fabri-
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cate guns of German steel, seem a step in a wrong direction, and made in

ignorance or in defiance of the first principles that should guide us. (NoteM.)

142. The following Table will make this conclusively clear for the material

in question :

—

Table VII.

Kesisting Powers of the Cast- Steel of Herr Kmpp, Essen, Westphalia, as compared with other

Metals for consti-uctivg Ordnance. From Report hy the Prussian Ministry of War, Berlin.

No. MeUL

Krupp's Cast-Steel, No. 1 (Ein kron),

„ 2

„ 3
"Wrought-Iron, „ 1 . ,

„ 2 . .

Cast-iron,

Gun-Metal, 10 per cent. Tin, ,

9 „ „ .

11 „ „ .

12 „ „ .

Ultimate
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mottled and nearly white iron, of very coarse grain, as the angle of torsion is so

small, 12° ; indeed the Eeport states, rather oddly, that it yielded " without ex-

tension" in the experiments of direct tension. This produces a value of Tr too

small to truly represent cast-iron.

144. It might appear doubtful, how far values for the coefficient JV, can be

properly deduced from experiments on torsion. The proportionality of the

numbers, however, is certain, as Cauchyhas shown (Exerc. de Math., 4^ anne)

that in prisms exposed to torsion the constant G, or modulus of torsion, bears

a constant relation to that of elasticity for any given material, or

145. Habit, and an uninstructed mode of viewing such questions, have pro-

duced the prevalent notion, of the brittleness of cas^iron, as contradistinguished

from the toughness oi wrought-ivon. The fact is, cast-iron, within the range of

four or five tons tension per square inch, is a much more ductile material than

wrought-iron ; its total extension per ton per unit of section, is far greater,

and the "work done" in producing the extension for the first few tons (up, in

fact, to the very limited strain, about 7 tons, at which rupture occurs), is much

greater than in wrought-iron ; and were it not that, the ultimate safe strain upon

wrought-iron, is so much higher, cast-iron

would be the better material for ordnance.

But wrought-iron has a far greater ultimate

cohesion—in about the ratio of 20 to 6

—

than cast-iron, and its softer varieties, a

long and uniform range of extension ; it is,

therefore, in the exact sense of the word,

the toiu/hestmatenal we are asyet acquainted

with, and therefore the best, for artillery.

146. This peculiar property of cast-

iron is evident from the accompanying

diagram ; in which, from the origin d', the ordinate d'y is that of strain, and

the abscissa d'z that of extension ; the curve a, that for wrought-iron, and b

that for cast-iron ; half the quadratures of the curves, d'aa', d'bb' being the

work done to produce them in each case, the latter being obviously greatly in

excess of the former.

df a'
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147. The extensions, for each ton of load, up to 15 tons, when wrought-iron

begins to lose form, and its elasticity to be permanently impaired, may be

compared in the following Table, deduced from Professor Hodgkinson's expe-

riments :

—

Tablk VIII.

Total Extensions in proportion to L.

Tons.
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a combination of tensile strength and elastic range together, as shall give the highest

value to the coefficients Te and Tr- How little this may be expected from the

continent of Europe, in preference to the productions of Great Britain, may be

judged of by the following Table ix., compared with subsequent ones. The

measures are generally below those assigned by British authors.

Table IX.

Ultimate Cohesion at Rupture, according to Continental Authors, in English Weights and Measures.
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Table X.

Resist^vnt Vis Viva, ofElasticity and of Rupture by Tension ofthe Metals applicable to the Construction

of Ordnance.

Cast-steel (English), blue temper, .

Cast-steel (German), soft, . . .

Wrought-iron bar (maximum duc-

tility),

Wrougbt-iron (mean strength and
ductility),

Wrought-iron bar, strong and rigid,

Cast-iron, mean,
Gun-metal, cast, mean, . . . .

Brass ivire, drawn and softened,

Brass, cast, mean,

i
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152. It is easy, then, to understand, how widely mistaken have been the

estimates of Mr. Nasmyth* and others, as to the comparative resistances, of

wrought and of cast-iron, for ordnance, in assuming the former at six times the

strength of the latter.

Much more extended experimental information is yet needed, however, to

bring these conditions into a state to be applied with perfect assurance, in

calculation and practice.

19.

—

Gun-Metal or Bronze as a materialfor Cannon.

153. We have already considered some of the physical properties of gun-

metal in relation to the other materials for cannon, in treating of the effects of

unequal expansion by heat; but in order fully to compare the relative values of the

four great classes of materials, for the construction of ordnance, viz., cast-iron,

wrought-iron, steel, and gun-metal, it is necessary to treat more at length of the

physical, and especially, the chemical properties of the latter alloy. Gun-metal,

probably the very earliest used material for cannon, is that which has received

the least improvement or systematization of our knowledge as to its use, up to

the present hour,—the archasologist finds the rude weapons of Scandinavian,

Celtic, Egyptian, Greek, and Roman warfare, formed of nearly the same alloys

of copper and tin, and in about the same proportions, as the cannon of to-day.f

This has resulted, not from total neglect of the subject, nor from insuperable

difficulties, but because a result, considered " good enough" in practice, has been

arrived at, in the chief gun-foundries ofEurope long since, and because whatever

experiments have been undertaken to improve (so far as any such have been

published) have proceeded with little system, and in the hands of men, not

possessing the indispensable qualifications for success, namely, an accurate and

extensive acquaintance, with both chemical metallurgy, and physics, on the one

hand ; and with the demands of the artillerist, and the practical devices, ex-

periences, and skill of the founder, upon the other.

Such an inquiry remains still to reward the labour, and well-directed know-

ledge, that shall be bestowed upon it, and should gun-metal always continue to

* See Mr. Nasmytli's letter to " The Times," November, 1854.

I See Dr. J. W. Mallet's " Chemical Enquiry into the Metallic Antiquities of the Royal

Irish Academy Museum." Trans. E. I. A., vol. x.xii.

I
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form the staple material for field artillery (which, however, appears by no means

probable), it would be an object worthy of national undertaking and expendi-

ture, as being utterly beyond the reach of private effort, or the demands of

commerce.

154. The circumstances of chief difficulty and importance, in the manipula-

tion of gun-metal, as affecting the production of cannon, are :

—

1°. The chemical constitution of the alloy, as influencing the balance of

its hardness, or ,
° ../ , and tenacity.

2". Its chemical constitution, and what other conditions, influence the

segregation, of the cooling mass of the gun when cast, into two or

more alloys, of different and often variable constitution.

3°. The effects of rapid and of slow cooling, and of the temperature at

which the metal is fused and poured.

4°. The effects due to repeated fusions, and to foreign constituents, in

minute proportions entering into the alloy.

155. These questions have been more or less considered by Antoni, Birin-

goccio, Briche, Dartein, Schlie, Lamartilliere, Monge, Darcet, Andreossi, Dus-

saussoy, Gay-Lussac, Moriz Meyer, De Massas, and others, but by none syste-

matically.

156. Omitting the older guns, which almost always consisted of a heteroge-

neous mixture ofcopper and tin, with zinc, lead, antimony, cobalt, nickel, silver,

and iron, or one or more of these ; all modern gun-metal comes to be some

particular case of the general formula (Cuj;-f Suj,).

157. The following Table, extracted from the author's SecondReport onlron

(Trans. Brit. Assoc, vol. ix.), contains the results of a carefully conducted series

of experiments made by him on the chemical constitution and physical proper-

ties of a number of such binary alloys. A few additions have been made of

alloys, remarkable or important in their mercantile, or other relations, so far as

their properties have been ascertained.

It is astonishing to find that, after five hundred years' habitual use of the

material, the military literature of Europe appears barren of a single series of

systematized and accurate experiments on the physical properties of gun-metal.

Nor has America produced such, although in advance, by the skill and energy

devoted to the improvement of its ordnance, which its numerous Government

Reports display.

VOL. xxm. 2 G
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Table XI.

Showing the Physical Properties of the Atomic Alloys of Copper and Zinc, and of Copper and Tin,

COPPER AND ZINC.

Chemical
Cou3titutloQ.

- + e-

Cu
10 Cu
OCu
8Ca
7Ca
6Cu
5Cu
4Cu
3Cu
5Cu
2Ca

19 Cu
Cu
Cu

SCa
8Ca
8Cu
8Cu
8Cu
8Cu
8Cu
Cu
Cii

Cu

Zn
Zn
Zn
Zn
Zn
Zn
Zn
Zn

2Zu
Zn

+ 12Zn
4- Zn
+ 2Zll
+ 17Zn
+ 13Zn
+ 19Zn
l20Zn
1 21 Zn
T 22 Zn
T23Zn
1 3Zn

4Zn
5Zn
Zn

3
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158. In gun-metal, as in every other material for cannon, while sufficient

hardness must be secured to resist longest, the abrasion of shot, and the deflagra-

tion of the powder, along with the greatest ultimate tenacity, there must be

such a balance, of rigidity and ductility with ultimate cohesion, as shall give

the maximum value to the coefficients T^ and TV-

The hardness and rigidity increase with the proportion of tin ; the ductility

and tenacity with that of the copper, but not in any direct ratio in either case.

159. The specific gravity increases with the copper generally, although M.
Briche's statements (Jour, des Min. t. v.) indicate the contrary:

—

Ca + Sn.



224 Mr. Mallet on the Physical Conditions

so loosely in combination, that very slight forces are sufBcient to induce its

segregation, into two or more different alloys, which, on cooling, are found to

occupy different portions of the mass, and possibly even to separate a portion

of one or other of the constituent metals.

162. Thus, in a gun cast vertically, and permitted to cool slowly, as in the

ordinary practice of " loam casting," the external portions, which cool first, have

a determinate constitution, different from that assigned by the proportions ofthe

metals, as fixed for fusion. The interior of the gun, which cools last, has another

constitution different from either, and always richer in tin. But when the whole

gun has become solid, and portions are examined, from the extreme lowest,

middle, and highest parts, of the previously fluid column of metal, it is found

that these again differ from each other, and that this difference varies, in the

vertical for the exterior or crust alloy, which has cooled first, and for the

interior column of alloy that has cooled last ; so that, in fact, of any gun, no two

adjacent portions have strictly the same chemical constitution,—the maximum

of copper being foimd in the exterior and breech of the gun, or lowest part of

the column of metal; and the maximum of tin, in the interior and highest part

of the metallic column. The utmost discordance prevails in authors as to the

position in the gun in which the maximum of tin is found ; their conclusions

being almost always based upon isolated facts, and taking no account of the

differences that must arise from variations in the primary alloy, and in the

details and circumstances of its moulding, casting, and cooling, difference of

mass, &c.

The account given must be viewed as the normal case, in which the homo-

geneous alloy is subjected to no forces in consolidating but those of its own

affinities, of gravitation and of cooling by radiation in a perfectly equable

manner.

163. The segregation from the exterior to the interior is due to a play of

chemical affinity, separating the whole mass into two or more definite atomic

alloys, that of the exterior possessing less fusibility, and more copper, than that

in the interior, which remains fluid longer.

The constitution of the latter was found by Dussausoy, to approach in

almost every case, an average constitution of (8 Cu + Sn).
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164. The phenomena that attend its separation are remarkable. Some time

after the exterior of the gun has become solid, the still liquid interior of the column

of metal begins to present, at its upper extremity, intestine motions, often attended

with sputterings and jets of metal, and ending, by the upper extremity rising more

or less above its former limit, in an irregular fungoid form, and then becoming

solid. This has usually been ascribed to a change of voliune occurring in the

mass of the internal alloy at the moment of its consolidation, due to crystalline

or other molecular forces, while the sputtering and jets of metal, and the cauli-

flower-like top assumed by the upper end of the column ofmetal (the top of the

" rising head," or " dead head" of the gun-founder) has been ascribed to the

escape of air from the mould, through the still liquid metal of the interior,—an

attempt at explanation certainly erroneous (though copied almost word for

word from author to author), since any air requiring escape, from the sides of

the loam mould, would commence to escape through the column of metal, if

escaping at all through it, the moment the mould was full, when the metal is all

hottest and most fluid, and could not possibly escape through the central fluid

portion of the mass subsequently, to the consolidation of the exterior, and,

indeed, in no case of moderately good moulding need, or can escape, either way,

other channels being provided for it. The true cause of the phenomena seems

to be this.

165. Copper, like silver, possesses, in all probability, the property of absorb-

ing oxygen when in fusion, and its alloy with tin does not appear to prevent this,

contrary to the case of silver, wherein a slight alloy of copper is sufiicient to

prevent its absorption ofoxygen, which Lucas discovered was absorbed by pure

silver in fusion to the extent of twenty times its own volume ; the metal evolving

the whole of it again at the moment of consolidation by cooling, and with the

protrusion of similar fungoid masses, which present themselves like little craters

on the surface of a large ingot of refined silver.

Direct experiment has not yet, the author believes, shown a like absorption

of oxygen by copper or its alloys with tin ; but that the fact is so, is indicated by

several circumstances. Copper possesses the utmost susceptibility to absorb

many other bodies while in fusion ; thus the well-known process called " poling,"

of refining " tile copper," which is short, brittle, and incapable of being beaten

out, laminated, or wire-drawn, to bring it to "tough pitch," when it admits



226 Mr. Mallet on the Physical Conditions

of all these, consists ia stirring up the mass of melted metal with a dry, hard-

wood stick. What occurs seems to be the removal of a portion of oxygen,

either directly combined, or in the state of a combined suboxide, from the mass,

by the afGnityof the hydro-carbons produced by the burning of the wood beneath

the molten mass. When this process is carried too far, the copper, in place of

remaining at " tough pitch," at which, when cold, it would be capable of being

forged, rolled, wire-drawn, &c., "goes back," and becomes brittle and short as

" tile copper" again ; and on examination it is found now, that the oxygen is gone,

but that it is replaced by a small proportion of carbon, which the metal has

absorbed. Oxygen is, therefore, present in the metal, but a slight play of

affinities is sufficient to cause its removal from the liquid metal, from which some,

at least, is probably evolved on its consolidation otherwise. But it is a fact well

known to gun-founders and bell-founders that the oftener the alloys of copper

and tin are melted, the more difficult it is to produce solid castings with them,

and that very frequently castings made with such metal, though presenting no

large or obvious cavities or defects, are yet found, upon examination with the

microscope, to be filled, almost with perfect uniformity, throughout the whole

mass, with innumerable minute vesicles, all of an almost perfectly spherical

form. In the case of large bells this is not uncommon ; and the author, in his

owni practice, once examined a bell of large weight, cast chiefly from old bell-

metal, so filled with vesicles of this sort that the want of homogeneity, interfered

with the sonoricity of the metal, and the bell gave scarcely any clear sound when

struck, and was, moreover, unusually brittle and incoherent.

Now, it is an ascertamed fact that this difficulty of making sound castings

from old and often re-melted alloys of copper with tin (or with zinc) arises from

the oxidation of the tin and the copper, which the experiments of Dussausoy

showed, took place in such proportions that in the case of gun-metal, for one

part by weight of tin oxidated, from three to four of copper were so. A part

of this oxygen absorbed or combined appears, then, to be given up again by one

or by both metals at the moment of consolidation, and its evolution to be the

cause of the perfectly uniform dissemination of the minute air-vesicles alluded

to, which are seldom known to occur in such abundance in new or not frequently

fused metals, though more or less, they may almost always be found by micro-

scopic examination, of all gun and bell-metals.

But again, where copper, or its alloys, have absorbed an excess of carbon,
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as already noticed, it is not improbable that the latter, at the high temperature

of fusion, may, in the processes of fusion, pouring, &c., combine with oxygen from

the atmosphere, and give rise to the vesicular structure by the evolution of

volatile matter, such as carbonic oxide, within the mass. The combination,

like the absorption of oxygen, taking place at a higher temperature, and the

subsequent evolution at a lower and definite one, at which the affinity of the cop-

per, or its alloy, for either the absorbed oxygen, or the absorbed carbonic

oxide, is a minimum.

While, therefore, increase of volume may occur in the central mass of the

more fusible alloy of the gun, owing merely to some changes of molecular

arrangement at the instant of its consolidation, (in accordance with many ana-

logous cases), the whole increase, does not appear due to this, but also to the

sudden evolution of gaseous matter (oxygen, or its compounds, with carbon)

derived from the oxides or from absorbed oxygen and carbon within the mass,

at the moment ofconsolidation, and the sudden elastic evolution of part of which,

at the head of the casting, causes the sputtering, &c., already described.

166. The constitution of the alloy changes, not only in the cooling, but in

the melting, by the continual reduction of the quantity of tin, which oxidates

much faster than the copper, though the latter be present in so much greater

mass. Dussausoy found that gun-metal having the proportions of 100 copper

and 1 1 tin, by weight, had the following constitutions after each of six conse-

cutive meltings, indicating the rapidity with which oxidation of the tin occurs:

—

ions.
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of M. Briclie, of the Gun-foundry at Strasbourg, is founded (Journal des Mines,

torn, vi., an. v. de la Eepublique)—namely, that the higher the temperature to

which the melted mass is exposed, the more uniform is the metal when cast.

Experiments made in the United States in 1850 render it extremely probable

that the evolution of gaseous matter, referred to (see 164, 165), occurs chiefly

within the limits of a very high range of temperature, which corroborates the

explanation here offered of the phenomena. These experiments also showed that

the best results were obtained from castings " poured" at a low temperature,

though still a determinate one, beneath which they again deteriorated. This,

however, does not conflict with the view that a very high temperature effusion

may be advantageous, although analogy renders it improbable. At the best

temperature in the American experiments there was no fungoid excrescence

driven up over the " rising head," and the large and uniform contraction of the

latter in cooling, indicated the great density which the gun-raetal was subse-

quently found to possess.

167. Whatever be the immediate causes determining the segregation of the

normal alloy, the separation in any gun-metal having the general formula

(Cu;t + Sn,) may take any one of three forms, namely

—

(Cu^, -t- Suj,,) -f Cu,;

(Cu^, -f Suj,,) -1- Sn,;

(Cu,, -fSn) -j-(Cu + Snj„);

or more than one of these together.

168. Alloys, of precisely definite atomic proportions, generally present the

best pronounced and most constant physical properties. It has been doubted,

however, whether this be so in the case of the gun-metals, the very best of

which are found within the limits (given in the preceding Table vn.), viz.,

between 9 and 12 by weight of tin to 100 of copper.

On examining more closely the atomic constitution of these four alloys,

however, we shall find reason to adhere to the conclusion, that the most defi-

nite alloy makes the best gun-metal ; and to remark that tlie curious segrega-

tion into two or more different, but still definite alloys, is probably intimately

concerned with its toughness and elasticity ; that, in fact, the gun, with the

central portions so rich in tin bored out, consists of a comparatively soft and
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ductile alloy, embracing in a state of extreme comminution throughout its mass

another harder and more elastic one ; and thus singularly analogizing -with the

constitution of the best cast-iron for gun founding ; the mottled (/ante trui(i'),

of -svhich -we have already treated, -^vhich consists throughout its mass, as stated,

of a soft, minutely graphitic iron, embraced by a disseminated, hard, -white, and

lamellar metal, -whose carbon is all chemically combined. Thus:

—
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representing some of the more probable forms of constitutional arrangement of

the whole mass, in each of the four preceding alloys, after consolidation.

No. 1. 100 : 9 =83Cu + 4Sn
= 4 (Cui; + Sn) + Cu,5

= 3 (Cu„ + Sn) + (Cus + Sn) + Cu,4

= 3 (Cu„ + Sn) + 0-5 (Cu48 + Sn) + 0-5 (Cuis + Sn)

= 2 (Cu34 + Sn) + 2 (Cu7 + Sn) + Cu.

No. 2. 100 : 10 =56Cu + 3Sn
= 3(Cun + Sn) + Cu5

= 2 (Oui7 + Sn) + (Cus + Sn) + Cuu
= (Cu34 + Sn) + (Cu,7 + Sn) + (Cu^ + Sn) + Cu
= (Cus, + Sn) + 0-5 (Cus + Sn) + 05 (Cu^ + Sn).

No. 3. 100:11 =17Cu + Sn. (Normal gun-metal.)

No. 4. 100 : 12 =31Cu + 2Sn
= (Cu,7 + Sn) + (Cus + Sn) + Cus

= (Cuj7 + Sn) + (Cu,2 + Sn) + Cu^

= (Cu,7 + Sn) + 0-5 (Cui6 + Sn) + 0-5 (Cu,o + Sn)

Analyses quoted by Moritz Meyer, of the Russian service, and verified in

France by Ravichio de Peretsdorf, proved the segregated alloy in many cases

to have the constitution (6 Cu + Sn), an alloy as hard as bell-metal. (See

Table x. 6.)

Applying this to the empiric formula No. 1, we obtain such rational for-

mulse as the following :

—

83 Cu -t- 4 Sn

= 3 (Cun + Sn) \- (Cue -t- Sn) + Cu^e

= 2 (Cui7 -h Sn) -f (Cum + Sn) + (Cu,^ + Sn) + Cm,

= (Cuss + Sna) -1- (Cui5 + Sn).

All which agree with the former in this, that the total compound is broken up into

two or more alloys, the copper in one of which (normal gun-metal, 17 Cu + Sn)

bears to that of any of the segregated alloys, the ratio of 17 : n x 2. These

are incommensurable numbers; and hence the primary cause of segregation

shows itself to consist, not in separation merely, through difference of specific
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gravity, or of change of affinity with temperature, &c., but in the competency

of copper and tin to form two sets of alloys, whose respective combining

ratios are such as to render secondary combination in the alloys themselves

impossible. It might be presumed that the addition in small proportion of a

third metal, capable of combining with both alloys, would unite them, and

improve the physical properties of the whole. This does not, however, seem

to be indicated by the very numerous, though most desultory and unsystematic,

trials of ternary alloys, made at various periods and places, numbers of which

may be found recorded in the works of Herve and of Meyer. The whole

subject of bronze gun-casting and of the gun-metal is, as it were, yet to be

investigated ; and success can only attend this when, for the first time, it shall bo

commenced and pursued in a truly philosophical spirit, and with the full aids

of Chemistry and Physics combined.

170. It is probable, therefore, that Nos. 1, 2, and 4, and many other gun-

metals besides, consist when cast of the normal metal (Cu,? + Sn), with one or

more subordinate alloys, exuded or not, and with or without a proportion of

separated copper ; in other alloys of different proportion, a similar segregation

may occur, with separation of a portion of tin. But that there is no advantage

gained necessarily, by mere complexity of constitution, is pretty obvious from

the normal and simple alloy being found in practice the best ; the only quali-

fication being, that in French arsenals it is considered, that for small and light

guns below nine-pounders, 100 copper -t- 8 tin is better, the alloy 100 copper -^ 11

tin being used for all above.

171. Where the atomic constitution is complex, and especially where the

tin is in excess, the affinity of the alloy seems to reach its extreme of inco-

herence. Thus Berthier found that an alloy which had been found decisively

defective in quality for guns, and which was submitted to him for analysis

(Ann. des Mines, t. vii., 3'° ser.) had the composition

—

Copper, 83-8

Tin, 15-7

Lead, 0'5

Neglecting the lead, as no doubt accidental, though most prejudicial to

the qualities of the alloy, the composition of this metal approaches to 9'66

2 II 2
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atoms of copper to I'OO atom of tin, which would give rise to the rational for-

mula

—

58 (Cun + Sn) + (Cu3 + Sii) + (Cu^ + Sn) + Siijo-

There is, therefore, a large proportion of uncombined tin merely diffused

through the mass (like water in a' sponge), and the whole combination is held

together, independently of this, in the very loose way that characterizes the

alloys of all metals, in which the combining proportions demand large multipliers

for the atoms of either or both metals ; the general fact admitting ofno exception,

that the simplest and most elementary alloys, are those most firmly combined.

172. An extensive series of experiments made some years since by the

author, upon the effects of additions in minute but atomic proportions, of various

third metals to the binary alloy of copper and zinc, known as Muntz's metal

(No. 10, Table x.) embracing antimony, lead, iron, bismuth, arsenic, and silver,

proved that in every instance the ductility, tenacity, flexibility, and resistance

to torsion were seriously impaired by proportions under even 1 per cent.

These experiments were conducted upon a large scale, merchant sheathing

sheets being rolled out from the alloy in each instance ; they are, therefore, to

be relied upon, and may probably be applied with like confidence to the binary

alloys of copper and tin also, as indicating like results.

173. If it should appear that part of the tin of gun-metals separates solely in

virtue of its greater fusibility and less specific gravity, and in every atomic

constitution, the fact would seem to make vain any chemical consideration as

to the proportions of these alloys, and make it doubtful that they were true

chemical compounds at all; but though often loosely so stated, the fact seems

in no instance ascertained to be so, and the specific gravities of the alloys,

differing from the mean of their constituents, as well as all other facts, oppose

the conclusion that such mere mechanical segregation of the tin alone, ever

occurs with atomically proportioned alloys. Lamartilliere (" Eesearches sur

rArtillerie") mentions uncombined nodules of tin,, as occasionally found segre-

gated, and embedded in the interior of the mass of bronze guns. Nevertheless,

it is extremely doubtful, that either tin or copper is ever segregated in a state

of purity, i. e. unalloyed with each other, from any primary alloy between

100 : 9 and 100 : 12 by weight.
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174. The alteration in constitution in the vertical direction, by which, when

cold, there is more copper in the lower part of the column of the gun, appears to

be due simply to the effects of gravitation acting upon the denser metal (tlie

copper), and partially eliquating it from its extremely loose combination with

the tin. It would be contrary to all chemical analogy to suppose that the

increased statical pressure towards the base of the column acted in inducing

the descent of the copper,—pressure tending usually to increase aiTinity and

promote the stability of compounds,—unless, indeed, we presume that the

affinity of tin for copper varies with pressure, and, as this increases, causes the

tin of the lowermost parts of the column to rob copper from the superior por-

tions of tlie mass. The simplest and first explanation seems the most probable.

The fact, however, is certain. Thus, Dussausoy found that of a prism of gun-

metal, of only 13 French inches high and 3 inches square, the copper varied

l^etween the extreme lower and upper ends in the ratio of 99'9 : 92 9.

175. From these two distinct modes of segregation of the alloy in vertical

column, then it is obvious that, the "head of metal," above the intended muzzle

of the gun, plays a very different part in cast-iron and in gun-metal guns ; in

the former, consolidating and condensing the crystalline mass by pressure only

of tlie liquid head, but in the latter case not only doing this, but by extending

the total length of the column of liquid metal, giving greater uniformity of com-

position to the segment cut off from the lower end to form the future gun. For

it is obvious that with fixed limits of variation between the composition of the

two extreme ends of the vertical column, the longer the column itself is, the

less will be the total difference between the compositions of the extreme ends of

any segment cut from it. It will, therefore, be good practice to extend to the

utmost, in all cases, the " head of metal" (matelotte), or " dead head," above the

upper part of the gun in the vertical mould.

176. The more slowly the column of metal cools, the more complete and

injurious will be the process of segregation in the mass of alloy, and with the

same methods of moulding, the cooling will be slower in proportion as the

temperature of the metal poured into the mould is higher. The same general

conclusion that we arrived at in the case of cast-iron guns applies, therefore,

here, though for a different reason ; the lower the temperature at which the vietal

remains sufficiently fluid perfectly to fill the mould, the belter will he the gun when
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cast; and this must be true, however well or ill founded M. Briche's opinion

may be, of the advantage of a previous high temperature in the melting furnace

to induce perfect combination of the metals.

177. The more rapidly, then, the mass can be cooled, the better. In the case

of cast iron guns we found this to be so likewise, but from the properties of that

metal we cannot push it far ; the case, however, is very different with gun-metal,

where sudden cooling, as sudden as when the red hot mass is quenched in cold

water, is attended with this singular and opposite result, that the metal is thereby

rendered softer, tougher, and more malleable,—a discovery due to M. Darcet,

and subsequently pursued and experimented on by Dussausoy, the results of

some of whose researches are given in the following Table, showing the effects

of this tempering (trem.pe) or sudden cooling, upon five principal alloys of copper

and tin, embracing a large range.

No.



involved in the Construction of Artillery. 235

by abandoning altogether the use of "loam," or "dry sand," or any badly con-

ducting moulds for bronze guns, and casting them in massive moulds formed of

cast-iron, bored out internally to the exact figure of the gun, with a very small

allowance for turning externally,—the iron mould being put together in pieces,

separable not only horizontally into frusta, but vertically in a plane passing

through the axis, so as to admit of the withdrawal of the gun when cast. Should

the main object be found gained, of securing a perfectly homogeneous casting,

without deterioration of the properties of the metal in any way that could not

be met by suitable variation in its constituents, or in manipulation, then several

important subsidiary ends would be gained also : such as greatly reduced cost

and saving of time, and hence, increased production, by rendering needless the

present system of loam moulding by skilled labour ; absolute identity and per-

fection of form of the exterior of the gun when cast,—objects very ill attained,

indeed, under the present methods, even in the best hands
;
great economy in

the subsequent processes of finishing the gim, so far as turning its exterior is con-

cerned; considerable economy in the amountof waste metal now cut ofFin turning.

Besides this, the casting in iron moulds would admit of an almost unlimited

increase of statical pressure upon the head of metal, would facilitate the deli-

cate process of casting bronze guns hollow, upon slender " loam cores ;" would

admit of the fluid metal being introduced into the mould at the bottom instead

of at the top, with an ease and safety impossible with " loam moulds ;" and lastly,

would allow of the whole vertical mould and fluid metal within it bein" ^iven

a rapid motion of rotation round the axis of the gun during the process of cool-

ing (if deemed desirable), by which a complete mixture and homogeneity of

the included metal might be secured during the short interval that would

elapse between the mould being full and the consolidation of the metal. The

experience of brass-founders, in connexion with civil works, of late years, has

largely extended the use of iron moulds, and shown their extreme utihty and

economy ; they do not wear out or burn away, and once properly made and

prepared, stand an almost indefinite number of castings.

It may be said, however, that if it be also a fact that small portions of oxygen,

or other gases, are evolved from gun-metal at the moment of consolidation, such

rapid cooling would result in the entanglement of the air vesicles so produced

in the mass of the metal, rendering it porous and undurable.
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It does not follow that rapid cooling would preclude the escape of such

vesicles, if evolved, especially if powerfully aided, as they would be, by centri-

fugal force, bringing the7n to the centre and portion of the casting longest fluid,

if the whole mould revolved upon its axis, as proposed : in the case of a gun cast

solid, depositing such air-vesicles as had not time to escape, in the portion to be

bored out; and in the case of one cast on a core, bringing them to the internal

surface of the metal in contact therewith, where a ready escape would be found

by them. This method ofcasting would also give great facility to cooling the gun

by currents of air through the interior of the core, if found desirable, and admit

again of any required slowness of final cooling after consolidation, should

such be found to add to tenacity, &c. The author has learned that casting

bronze guns in iron flasks, lined with thin coatings of clay, was proposed to the

American Ordnance Department ; he is not aware if it was ever tried, or with

what results. That proposition, however, is essentially different from the one

now made, as the author believes, for the first time, of absolute " chill casting
"

in naked and massive iron moulds, and with the additions proposed.

179. Manyexperiments have been made byDussausoy and others, to improve

gun-metal by the addition of some other third metal in small proportions. Iron,

zinc, lead, antimony, &c., have been tried, in all cases with disadvantageous

results. There are metals of one class, however, which have never been tried,

and whose addition in minute quantity to gun-metal in the melting furnace

would most probably prove a brilliant exception to those failures—namely, the

metallic bases of either of the alkalies, potassium or sodium, preferring the

latter as most manageable, to be had, even now in commerce, at a moderate

price, and capable of being manufactured, were there a demand for it, at a

price per ton not much exceeding common zinc. In the author's Third Report

on Iron (Trans. Brit. Assoc, for 1843), he has given, some then, new, and

remarkable facts, as to the action of sodium, in inducing the alloy, of metals

having little affinity, in rendering more perfect and stable the union of all

alloys, apparently by rendering the e — and e -1- metals still more electro-

negative and positive ; and lastly, in promoting union in metallic alloys, by

instantly removing, all traces of suspended or combined oxides from them on

its addition, the alkaline metal added, being at once divided into a portion

which is decomposed by and reduces the suspended oxide, and another which
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alloys with the metallic mass. The addition, then, of a minute dose of sodium

to gun-metal while in the melting furnace and in fusion, the sodium being

added in the state of alloy with a part of the tin, previously made, would aiford

the means of clearing the whole mass of metal instantly, from suspended oxides,

and reduce it to absolute purity in every case, and in that of the re-melting of

old guns would overcome all the difficulties experienced by the increased

mixture of oxides due to the repeated meltings. Less than 005 percent, in old,

and in newly-made gun-metal perhaps less than one-quarter of that percentage

by weight, would be sufficient.

180. Nor are facts wanting to suggest the likelihood, that this addition, would

positively improve the physical properties of the gun-metal. Thus Berthier

("Essais par la Voie Seche") records, having had presented to him a Swiss

copper, remarkable for its extreme softness, malleability, and ductility. Upon

analysis it proved to be an alloy consisting of.

Copper, 99-12

Potassium, 0'38

Calcium 0-33

Iron 0-17

100-00

Berthier justly concludes that these peculiar and valuable properties of the alloy

are due to the presence of the metallic bases of the alkali and of the lime,

and suggests the value of producing such an alloy generally, in the fusion of

copper by the simple means of using a flux of potash and charcoal. If, then,

such effects result from the alloy of under 0-7 per cent, (taking the calcium and

potassium together) of alkaline metals, in a copper containing as much iron as

would alone, certainly make it harsh and brittle, it may be with some confidence

anticipated that a like, or possibly a better, result would follow in the case of

gun-metal. Berthier's proposed method of indirectly forming the alloy is not

advisable, as not giving sufficient command, that the alkaline metal shall not be

combined in excess, nor does the inducement of cheapness longer apply. It is

probable that the gun-metal, to be of equal hardness as now, when thus alloyed,

would require rather a larger proportion of tin.

VOL. XXIII. 2 I
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May it not be that the well-known superiority and endurance of old Spanish

cast guns is due not merely to their exclusive use of new metals for every cast-

ing, but to the existence of a minute proportion in the alloy of the alkaline

metal, potassium, arising from the Spanish copper being smelted with wood

fuel, and the foundry meltings performed with the same ? Bell-founders are

of opinion that wood fuel improves their metals, though its use is abandoned

in England, from motives of economy, in favour of coal, with which all our

copper is smelted. The well-known and most remarkable ductility, softness,

and fluidity iu fusion of Spanish pig-lead is probably due to the same cause.

181. The experience of ages has made the casting of bronze guns a matter

almost of routine ; but the results, as might be expected from the many conditions

of difficulty thus briefly treated of, are still often uncertain or unmanageable.

Some old Spanish guns, of large caliber (and the latter are less durable, than

smaller guns) are stated on good authority to have withstood more than six

thousand rounds, yet it is not unknown for several guns to be cast at the same

" pouring," from the same furnace, and in the same sandpit, yet some of these

guns shall stand 1500 or 2000 rounds, and others burst or otherwise give way,

at or under one-tenth of the number. Though offering, therefore, facilities in

boring and turning, and the advantage of being little chemically acted on by the

corroding and deflagrating action of the powder (so that its effect, only becomes

visible after perhaps 3000 rounds), or by tlie all-pervading chemical influence

of air and moisture, gun-metal would be well replaced with the cheaper and

more resistant wrought-iron, whenever means shall be obtained for working the

latter into the required forms with facility, and certainty of result. For many

years past field guns of cas^iron have been in satisfactory use by the Govern-

ments of Sweden and Denmark, and, it is said, of America. (Note O.)

182. It was stated in foreign journals, in 1846, that Baron Hackewitz, at

Berlin, had perfected the means of forming bronze guns, by precipitation of the

alloying metals together in suitable moulds by the galvano-plastic process ;

—

that the method had been found eminently successful, in escaping (by this, as it

were, humid gun-founding) all the difficulties of segregation of the metals and

want of homogeneity incidental to the ordinary methods by fusion ;—that a

commission, at the head of which was Humboldt, had been appointed by the

Prussian Ministry of War, to examine and report upon it, and that that Govern-
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ment had at length purchased the invention for 36,000 thalers. No more has

been heard in this country of the method, which has, therefore, probably not

turned out as valuable as at first supposed. Were it not that the adaptation of

wrought-iron to artillery forms our present horizon of improvement, rather than

the improved use of bronze, it would seem a research worthy of careful expe-

riment upon the large scale, how far this process might be advantageous. The

means of thus precipitating together, in determinate proportions, two or more

different metals, and the fact that when precipitated they form true alloys, has

been known several years, and the conditions investigated by Becquerel and

others. That metals so aggregated in some instances possess great solidity and

density is certain, it being long well known to copperplate engravers, that the

copper precipitated locally upon a rolled plate for engraving, is much harder

and denser than the other parts of the plate, which were obtained by fusion,

lamination, &c. Metals thus precipitated are, however, always aggregated in

crystals, which, in accordance with the general law, will have their principal

axes in the direction of least pressure while forming, which will probably be

in directions transverse to the electric current. The molecular arrangement of

the mass will, therefore, be very uniform and simple, and probably very ana-

logous to that of cast-iron in cast objects ; but the mutual coherence of the

crystals, in the absence of all mechanical pressure upon the mass, may yet be

very slight ; homogeneity of composition, however, would be almost certainly

attained.

183. Amongst the many projects for improved guns recently brought for-

ward, there has been more than one for lining the interior of cast or of wroughtr

iron guns with gun-metal,—in fact, making a bronze gun, strengthened with iron

externally. The idea is a very old one (see Note A), but practically valueless. No
rigid combination of gun-metal and iron can be adopted with permanent success

for artillery, from the great disparity of expansibility by heat, and of extensi-

bility by equal strain, between the two metals,—the amount and some effects of

which have been already discussed, and which in this case is sufficient to tear

asunder ere long any connexion attempted between the metals.

184. In the comparative experiments made at Lafere with cast-iron guns

made in Sweden, Scotland, and France, in 1836, there was good ground for

believing that an appreciable weakening occurred, of the guns into which copper

2 I 2
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cylinders had been screwed, through which the vents were bored, as compared

with guns in which the vents were bored dii-ectly out of the solid cast-iron, and

the evil is attributed to the metal of the gun removed, in addition to that of the

ordinary vent, to make way for the copper, and to the excess of the expansion of

the copper above that of the cast-iron, which grips it all round, when both are

heated by firing, and thus produces a strain upon the gun. It will, how-

ever, depend upon circumstances whether the gun shall yield to the copper, or

the latter to the gun, to such an extent, as to make the tension of the gun in-

appreciable.

20.

—

Molecular Constitution of Bronze, or Gun-Metal, in Cannon.

185. Guu-metal of the finest quality, when freshly broken, presents a beau-

tifully fine matted fracture, nearly uniform, and of an even gold colour, with a

few fine specks of brilliant light, uniformly disseminated. These are the facets

of larger crystals ; examined with the microscope, the whole mass is found to

consist of extremely minute crystals.

Though the mass is crystalline, however, it is highly ductile, and unless the

fracture be produced by a direct tensile strain, applied suddenly as an impact,

the forms of the crystals are distorted and bent in its production, and the cha-

racter of the fracture becomes changed and deceptive.

The size of the crystals is always very small, and their form unpronounced

when the metal is good ; but very minute changes in the proportions of copper

and tin, combined probably with some conditions as to fusion, temperature, etc.,

as yet unascertained, occasionally give rise to a large development and singular

regularity of crystalline structure.

This, however, is never developed to the extent frequently observed in the

alloys of copper and zinc, some of which, chiefly those between (2 Cu -f Zn)

and (Cu + 2 Zn), Table x., may, by peculiar treatment, be obtained in crystals,

as large or larger than those, found even in the hardest crystalline cast-iron

(Speigeleisen). In such cases the principal axes of the crystals are found

arranged according to the general law, in the lines of least pressure within the

mass, on its consolidation.

18G. From the minute size of the crystals of gun-metal, and possibly
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also from their form, as yet imperfectly determined, it is scarcely possible to

observe visually, any determinate arrangement of the crystalline axes, in good

gun-metal, with reference to the contour of the mass ; but some experiments

which have been made abroad as to the relative tenacity ofbars of gun-metal, cut

from the same gun, in two different directions, and broken by transverse strains,

appear to indicate distinctly that tlie molecular or crystalline arrangement of

gun-metal in cannon develops itself in precisely the same manner as that of

cast-irpn in guns, or generally of all crystalline fusible bodies. Thus, when

bars of equal section were cut from the gun, in a direction parallel with the axis

of the piece, and others in directions radial to the axis, or perpendicular to the

former, and both broken ; the tenacity of the latter exceeded that of the former

in about the ratio of 30 : 25. If the principal axes of the crystals be in the

lines of least pressure, they must be found arranged radially to the axis of the

gun ; the maximum cohesive resistance of all metals is in the direction of the

principal axes of the crystals (as, for example, in the line of the fibre or acicular

crystals of rolled wrought-iron) ; but in this case we find the greater cohesive

resistance is in the direction radial to the axis of the gun ; we may, therefore,

conclude, as the structure is crystalline, that the principal axes are in the same

direction.

187. Gun-metal, therefore, comes within our general law as to its molecular

constitution, but in proportion as the quality of the metal is bad, its substance

boursouffle, and filled with microscopic vesicles of gases liberated in casting or

cooling, and rendered ununiforin by the segregation of anomalous alloys, &c.,

in the same proportion will it be difiicult or impossible to observe any normal

arrangement whatever of its particles.

188. When bronze guns are burst in proof or service, or broken by the stroke

of shot, a general and often strongly marked tendency to crystalline arrangement,

radial to the axis of the piece, maybe observed. We cannot, however, rest any

decisive conclusions upon fractures so produced, inasmuch as the crystalline

axes are changed, and often abnormally everted, by the action of internal compres-

sions and extensions, beyond the elastic limits of the material, producing effects

similar to those hereafter treated of as occurring in wrought-iron, at ordinary

temperatures, when exposed to blows, or other violent strains or changes of

external form, beyond the limits of recovery.
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21.

—

Sted as a materialfor Cannon, in relation to its Working Properties.

189. In addition to what has preceded respecting the resisting powers of

steel, both absolute and comparative, a few remarks are required as to its other

properties in relation to our subject.

Cast-steel is that alone capable of becoming a material for ordnance, as the

thin bars, alone capable of being obtained by cementation, are, owing to the

difficulty of welding steel into larger masses, unfit for the large scantlings

demanded. An apparent exception to this occurs in the Stahleisen of Styria

and other parts of eastern Europe, which is obtained by a modified process of

puddling, direct from the pig-iron, and hence at once in large masses. This

steel was first brought prominently into notice for large constructions, by Herr

Ignaz V. Mitis, who, in the year 1828, constructed a suspension bridge at Vienna

of 334 feet span, the chains of which are formed of it. He states (" Beschreib

V. die Carlsbrucke, der Ersten Stahls Kettenbrucke, in Wein:" 8vo, Wein, 1827

)

that this steel does not begin to stretch under 47,125 lbs. = 21 tons per square

inch, and that he proved the chains of his bridge to 25 tons per inch of section.

This so-called steel, however, offers no inducement to attempt its use for

guns ; for, although low in price, obtainable in large masses without welding,

and named steel correctly, in so far as it possesses the property of being

" hardened" by sudden cooling, it is in fact, but a fine form of harsh strong

iron, almost every example of which possesses more or less the same property

of being thus hardened ; for the finest steel passes by insensible gradations into

the softest and most ductile wrought-iron, which receives little, if any, appre-

ciable change in hardness from sudden cooling.

The resistance to tension of the Styrian steel is little more than double that

of average wrought-iron, and its extension far less. Its coefficient 7", is, there-

fore, much below that of good soft wrought-iron.

190. Cast-steel, however, being in the course of its manufacture fused,

although this is usually done in small and separate crucibles, is found capable, by

dexterous management, of being cast into very large masses of nearly perfect

solidity, which may be afterwards forged out under the tilt or steam-hammer into

longer pieces of smaller diameter, with much facility, cast-steel being at a parti-

cular temperature extremely malleable. (Note P. ) This is understood to be the
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basis of Herr Kruppe's patent process, the steel, however, being primarily

obtained by a regulated and skilful puddling, stopped at the proper moment,

by which he has been enabled to form masses of unusual magnitude, and to

manufacture articles of various sorts previously not attainable in steel, such as

tyres for railway wheels, formed of one piece without welding. This steel

presents no trace of fibre, its fracture seems the same in every direction, and

its crystals are so minute that the lustrous surface of fracture on a large scale

seems almost a vitreous one. As for size, he has pushed his manufacture to

a point leaving nothing to desire, and it is capable of still greater extension.

The price of the material, however, is high ; and the subsequent cost of boring

and turning necessarily very great.

191. In its softest state, fine cast-steel is so hard, that the difference m hard-

ness, between it and the hardest steel tools designed to act upon it is so slight,

as to involve the necessity of reducing the angle, at which the solid arris of

all cutting tools meets the point of section, almost to zero—hence but little

work done, in proportion to the labour expended, and rapid wear of the tool

by abrasion, which constantly requires fresh grinding to edge. When, there-

fore, the cost of workmanship is added to that of material— the price of

steel guns is, weight for weight, perhaps considerably more than that of gun-

metal. There is also the possibility of cast-steel in guns getting in parts

hardened accidentally, during the first steps of manufacture, which, if not dis-

covered until after boring had partly been effected, might not admit of remedy.

This property of steel, so valuable in most other cases, is a positive disadvan-

tage to it as a material for guns, affording facilities for their total destruction by

an enemy, or for their irreparable injury by the common accidents of confla-

gration and the usual means for its extinction.

192. One important element of material for an unexceptionable gun is, that

its toughness should be such as to afford the fewest fragments, and no splinters,

in case either of the gun bursting or being knocked to pieces by the stroke of

shot ; this is lost totally in cast-steel,which bursts into very numerous sharp-edged

irregular fragments with many splinters, almost as a gun of glass might. From
the extremely small coefficient of extension of cast-steel, the limit in thickness

of a gun beyond which further increase of metal will be useless, will be sooner

reached with this than with any other material for ordnance.
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22.

—

Molecular Constitution of Wrought-Iron^ and the Law of Direction of its

Crystals or Fibre.

193. When wrought-iron in any of the usual forms of its manufacture is frac-

tured, its molecular structiu'e presents itself, more or less distinctly pronounced,

in one or other of three forms :
—

1°. Its mass consists ofminute crystals ofnearlyuniform size, whose facets

present themselves at all possible angles, like that of refined

sugar.

This " saccharoid" structure usually belongs to the most highly

refined iron, and often to hard steely irons, such as those of Swe-

den.

The larger bars of Low Moor iron present, perhaps, the finest

examples of this structure.

2°. The surface of fracture consists of large, sometimes very large, lamel-

lar spangles or plates, the facets of crystalline cleavage, whose

directions tend to general coincidence with the surface of frac-

ture. The number, size, and direction of these facets vary in the

same mass with the direction of fracture. This is the structure

of all large and heavy forgings, or very large rolled bars, in which

,
the planes of crystallization tend towards a general perpendicu-

larity to the surfaces of external contour. This and the former

structure are often found irregularly imited in the same surface

of fracture in ill-manufactured iron, and, united with the suc-

ceeding, it is the usual one presented by small common bar-iron.

3'. The fracture (hard to produce, owing to the greater flexibility of the

iron than in either of the preceding cases) when efiected, pre-

sents long, parallel fibre, or bacillary crystals, running in the

direction of the longest dimension of the bar. This is the structure

of the best and toughest iron, such as that for making chains and

rivets, good boiler-plates, &c. It is found partially combined

with the 1st and 2nd in some inferior irons.

194. We found in cast-iron that the law of arrangement of its crystals is to

place themselves perpendicularly to the surfaces of the mass. In wrought-iron
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which is found chiefly in elongated masses, the tendency is upon the whole to place

themselves parallel to the principal surfaces. It would seem, therefore, at first,

that the law of aggregation, apparently so opposite, must depend upon totally

different, conditions ; it is, however, essentially the same. In wrought, as in

cast-iron, the principal axes of the crystals, tend to assume the directions of least

pressure throughout the mass, while exposed to pressure and heat, in progress of

manufacture.

195. Let us take the most strictly normal structure, the 3rd ; for example a

round bar of rivet-iron, half an inch in diameter. This has been formed by the

pressure of the grooved rollers in directions transverse to the axis of the cylin-

der, pressing it smaller and smaller, and still elongating it from a short thick

mass, whose original structure, if broken, may have been that of 1 or 2, the

metal being constantly at a temperature at which it is as soft as lead. Heat is

evolving the whole time, as in the case of cast-iron in cooling; but the pressures

produced within the mass are ofa different character, and arise from a different

cause. In cast-iron they arose from the contractions of the mass in cooling : in

the wrought-iron bar (relatively small in two of its dimensions, and, therefore,

little affected at all, by contraction in cooling) the internal pressures ai"e pro-

duced by the rollers : but their pressures are all in directions perpendicular to

the length of the bar; or in our round bar in the directions of the radii of the

cylinder. The direction of least pressure is, therefore, coincident luith the length of

the bar, and this is the direction in which the j)rincipal axes of the crystals arrange

themselves. The same is the case with iron, drawn into wire, where the direc-

tions of maximum pressure being manifestly in the plane of the " draw-plate,"

the aperture in which, presses powerfully round the periphery of the solid

passing through it, that of least pressui'e is, as before, parallel to the length of

the wire ; and so are the (fibres or) crystals arranged.

196. Heat, as increasing malleability and ductility, i. e., intermobility of par-

ticles, facilitates the arrangement ; but as iron is a ductile substance even when

cold, so heat is not essential to the molecular change in the arrangement of its

particles
;
just as in cast-iron we saw that molecular transpositions may continue

long after the mass has become solid.

197. This is as strictly in analogy with the observable facts of crystallization

generally in other bodies (whether simple or compound, ductile or rigid, passing

VOL. XSIU. 2 K
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through an intermediate plastic state, or crystallizing per saltum), which crys-

tallize in bacillary or fasciculated crystals, as were the analogies we found in

the case of cast-iron. Thus, for example, arragonite, tourmaline, gypsum,

actinolite, manganese-alum (from Cape Coast Castle), amianthus, &c., &c., are

all found frequently in embedded, more or less rounded fasciculi, of long, parallel,

fibrous crystals. When these are examined carefully with a lens, the external

crystals are always found more or less deformed by the pressure of the external

embedding matrix, to which they are moulded, though not formed by infiltration

and gradual filling of a mould. In every such case there are accompanying

evidences of great pressure in directions perpendicular to the longest dimension

of the bacillary mass. Thus nearly cylindric pencils of arragonite are found

so formed in the intensely compressed chalk, overflowed by huge incumbent

caps of basalt, in the north of Ireland. Similar pencils, though not cylindric,

of tourmaline, are found in granite;—manganese-alum, and fibrous gypsum, in

enormously deep beds of clays, which, when soft and plastic, transmitted the

pressure of their own mass of hundreds of feet in depth, with the fidelity almost

of a fluid;—amianthus in serpentines, whose configurations prove the former

play of enormous pressures, through plastic masses since become solid and rigid

;

and the instances might be greatly multiplied (Note E).

Two of the examples given, arragonite and gypsum, present the remarkable

identity that they are found both in the arrangement of the crystals of cast-iron,

with their principal axes perpendicular to the bounding planes, and in that

parallel to them, as now described, for wrought-iron; in each case the arrange-

ment having followed the lines of least pressure, however produced, provided

it were coincident in time with such other conditions, whether of ductility,

plasticity, fusion, or liquidity by solution, as admitted of molecular transfer and

re-arrangement.

198. Returning now to the wrought-iron rolled bar ; while its diameter con-

tinues small or moderate, although in the progress of its cooling internal strains

and variable pressures are induced by contraction, still, as almost any apprecia-

ble contraction is confined to the one direction, that of the bar's length, so these

new internal pressures are inoperative in producing any distinct changes in the

disposition given to the (fibre or) crystals in rolling. Not so, however, if the

bar, in place of being of small diameter, be very thick in proportion to its length.
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and its mass great in proportion to the pressure brought upon it by the rollers.

The operation of rolling is then less effective in the first instance, to induce, by

its pressure, a general and uniform parallel arrangement in length of the prin-

cipal axes of the crystals; some remain in other directions to the bar's length,

as they were developed in the previous heating or other process of manufac-

ture. The bar, however, is now let to cool ; fresh internal pressures now become

developed by contractions within its mass ; the cooling goes on much more

slowly, for the mass is much greater in proportion to its surface than in the

long slender bai", and hence there is time for the new play offerees to act in

re-arranging the crystals. The heat is carried off most rapidly from the greatest

surfaces of the solid, but these are the sides of the bar ; the contraction is

greatest in the direction of its length ; the maximum pressure due to contrac-

tion, therefore, coincides with the length of the bar, and more or less of the

crystals arrange themselves now transverse to the length of the bar, in the direc-

tions of least pressure.

199. Whether the crystals ofiron expand and contract, by change of tempera-

ture, alike in all axes, is not known as yet ; if not, and that the principal axes are

those of greatest expansion and contraction, then, as the longitudinal contraction

of the whole bar is proportionally greater than that in either of its other dimen-

sions, so the previous longitudinal arrangement of the crystals, in so far as

rolling has been operative in producing it, now increases the tendency to the

secondary re-arrangement of the crystals, transverse to their former position.

The small slender bar, which cooled almost instantly and at once, fixed the

crystals in the longitudinal position they had assumed under the pressure of the

rollers ; length of time in cooling admits of the re-arrangement in the heavy thick

bar, aided by the softened condition of the mass, as it passes gradually from a

yellow heat to coldness.

200. Thus, then, as the mass, the relation of this to form, and hence to sur-

face, and of all, to the pressure transmitted to the iron in rolling, and to those

induced subsequently by contraction in cooling, are varied, so will the main

directions of crystalline arrangement be in each particular instance, which may
be either total and complete, as in the case of the slender bar, or partial and

imperfect, as in the grosser bar.

201. But the evidences of aiiy arrangement, also depend upon the extent

to which the individual crystals in any particular " make" of wrought-iron are

2 k2
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susceptible of development in size. In the case of very highly refined iron (in

the language of the iron-master, " over-wrought" iron, in which there has been

no "cinder" left), with all its carbon perfectly combined, and thus approaching

to steel, the crystals are so minute, often so perfectly iflicroscopic, that in large

bars no other than the uniform " saccharoid" structure is discernible, though

the "fibrous" becomes perfectly developed in very small ones. This is the

case with the fine Low Moor ii'on, which, in rolled bars of 2^ inches in dia-

meter and upwards, presents a fracture almost identical with that of cast-steel,

but in rivet rods, a fine fibrous one.

202. I have used the term " fibre" as being already long in use, and con-

veying well the character of this particular form of crystallization to the eye

;

but it should be clearly understood that the " fibre" of the toughest and best

iron is nothing more than the crystalline arrangement of inorganic matter, and

that the false analogies continually used, in which such fibre is spoken of and

reasoned upon, as if identical with that of organic bodies, such as wood, hemp,

&c., have no reality or basis in nature, and only tend to mislead (Note E).

The principles upon which the development in size of individual crystal

depends, however, will be best understood when we have considered the

—

23.

—

Effects on Wroughi-Iron of Forging into great Masses.

203. In rolled bars, which we have hitherto treated of, the pressure of the

rolls unaccompanied by impact, though conveyed only to the one point of the bar

at a time, is in succession, and with great uniformity, applied to every part of

its length. Moreover, the intensity of the pressure upon the unit of siu'face,

or in relation to the section of the bar, steadily increases as the latter diminishes

in size or cross section at each successive passage through the rolls.

204. A very different set of conditions occur, however, in a forged bar or

mass. The whole of the pressures now are due to impacts, suddenly applied to local

points of the surface, and thence unequally transmitted through the ductile, or par-

tially ductile heated metal to its interior. The pressure at the siu'face, due to any

blow measured for the time of the hammer's descent through the sjjace through

which the surface before the blow has descended, is rapidly lost in transmission

within the mass, by inertia, and by the corpuscular forces of whatever sort that

the substance of the heated iron opposes to change of form. Blow follows blow
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in continually changing directions, and on various portions of the mass ; the

directions of maximum pressure within it, as constantly change, as do the inten-

sities of these pressures, not only in depth, but as transferred from point to

point struck. The elasticity of the metal (thougli, no doubt, of a different sort,

from its elasticity of rigidity when cold) still exists, but in diiferent parts of the

mass, is kept during the hammering, and perhaps for long after, in a state of vari-

able instability.

The lines ofleast pressure, therefore, are constantly changing under all these

varying causes, and with them the directions of the principal axes of the crys-

tals, become changed and changed again, perturbed, broken, and confused ; and

if the mass be sufficiently large when cold, and its forging completed, its fracture,

however fine and good the wrought-iron, presents nothing but a confused mass

of small crystalline facets, differing scarcely at all, except in brightness, lirom

the appearance of that of bright-gray cast-iron, in moderately large castings.

205. Yet no change, other than that of molecular arrangement, has necessarily

occurred in the large mass, for it is a fact, that such a confusedly crystallized

mass may be built and " faggotted up" from small rolled bars, each of which is

previously perfectly and uniformly fibrous ; that they lose their fibrous struc-

ture, and assume the confusedly crystalline one in the process of being united

by forging into one large mass, and that a portion broken or cut off from the

mass may be again rolled down into small bars, which shall be as fibrous in

structure as at first.

206. The difference of ultimate tenacity, however, due to this mere charge

of molecular arrangement, is formidable. If the original bars of the " faggot"

have a tenacity represented by 46, that of an equal section cut from the " faggot"

will be only 38 ; and it will mount again up to 52 in the small bars rolled or

forged down out of the faggot. Such were the results of actual experiments

in America (Note Q).

207. The development in size of crystal varies with the particular sort of

iron: it appears to be largest and most lamellar (in large masses) in the most

highly refined iron, and which contains an unusual dose of silicium ; but the rela-

tions of size of crystal to chemical constitution require much further examination.

Wohler, in a most interesting paper, " Sur la Crystallization du Fer" (Ann. de

them. t. li. p. 206), describes cubic crystals with perfect faces as large as an



250 Mr. Mallet on the Physical Conditions

inch on the side, which he was able to detach from the interior of a bar of

wrought-iron which had long been at a white heat in an iron-smelting furnace,

and which were cleavable into smaller cubes and rectangular tables. They

contained about 2^ per cent, of silicium.

208. With the same iron, and same volume of forging, however, the size of

crystal appears to be developed larger in proportion to the time that the mass is

maintained hot, and in process of forging. This time is necessarily greater, as the

mass is so, and as the operations ofreducing it to required form, are more complex

or laborious. In fact, as in cast-iron we saw that the crystals were larger, the

longer the mass required to cool,—so in wrought-iron, they are larger, the longer

it is kept hot. And thus it happens that in very large and massive forgings,

requiring often to be maintained, perhaps for weeks, at temperatures, varying

from awelding heat down to dull redness, crystals are developed within the mass,

of a size materially to diminish, in some places, the average cohesion of the iron,

where their planes of cleavage produce partial " planes of weakness." The size of

these crystals is occasionally surprising,—the broadest and flattest planes of

cleavage frequently running in the directions in which surfaces of the integrant

" slabs" or portions of iron, of which the mass has been formed, have been

welded together. The author has observed crystals so posited, presenting flat

planes, as large as the surface of a half-crown piece, in forgings under seven

tons weight.

209. Foreign charcoal-made iron, such as the Swedish, does not offer any ad-

vantage for ordnance over the best manufactured British wrought-iron. On the

contrary, Swedish iron, though strong and harsh, is most uneven and unequal

in quality, both as to strength and extensibility,—the same bar often presenting

various forms of fracture, at difi"erent points, or even united at every point, which

indeed must be expected, from the rude and imperfect mode of refining adopted

with it. The Low Moor iron, which, like the Bowling, is well known as one

of the finest makes in Great Britain, has been stated by Dr. Schafhaeutl (Phil.

Mag. vol. xvi.) to contain arsenic in appreciable quantity, indeed, nearly 1 per

cent. I am not aware if this curious circumstance has been verified as a general

fact by any other chemist. It is certainly unusual, and it would be interesting

to ascertain if it have any necessary connexion with the remarkable ductility

of the iron.
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210. A very large quantity of wrought iron is made in North America witli

charcoal and with anthracite,— a fuel almost as perfectly free from sulphur
;

but the following results of trials of ultimate strength, by the Commission of

the Franklin Institute, do not indicate that superiority, which has been so boldly

asserted in certain quarters in England, of foreign iron, " which has never been

exposed to the deteriorating influence of sulphur," over British " makes."

Experiments ore the Relative Strength of American and other Wrought-Iron.

Mean Breaking Weight
Make. per square inch,

lbs.

Missouri bars, 47909

Slit rods for nails, .... 50000

Tennessee 52099

Salisbury, Con 58009

Center Co., Pa 58400

Lancaster Co., Pa 58661

English bar iron, 59105

Swedish bar, . . . ^ . . 58184

Russian bar, 76069, low steel, in fact.

Cast steel, 130681

These remarks, with those of sect. 66, are sufficient to show that we need

not go out of England for wrought-iron for ordnance, any more than for cast-

iron, if we only take the requisite measures to make the supply of suitable

materials worth the iron-masters' attention.

24.

—

Helation of Elasticity to the Crystalline Axis.

211. Some experiments of Mr. Fairbairn's, on the relative ultimate resist-

ance to rupture of boiler-plates, when strained in the direction of their fibre, i. e.

in the direction in which they were rolled, and transversely to the same, have

induced him to come to the conclusion that there is little, if any, difference.

If the iron of the plates be so very harsh, rigid, and of bad quality, as to

have no (fibre) longitudinal crystalline arrangement, but approach nearly to that

of a slab of cast-iron,—this may perhaps be nearly true, but in plates or bars

of good quality it is certainly erroneous. The few experiments (twenty in all)

upon which Mr. Fairbairn's conclusion rests, even will not warrant it, if one

result contrary to all the others, and so exceptional as to suggest the probability
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of an error, be abstracted from the average deduced from the remainder ; and

it seems wholly disproved by the experiments of Mr. Edwin Clarke (Britan.

Bridge, vol. i. p. 377), and by those of Navier (" Applic. de la Mecanique,"

t. i. p. 30). The former gentleman, Mr. E. Clarke, whose experiments are by

much the most important we possess, inasmuch as he alone has attended to the

relative extension of the iron in either direction, found that bars cut longitudi-

nally and transversely from the same plate of fine fibrous iron of excellent

quality, were broken by strains per square inch of section of

—

Tons. Tons.

In the direction of the fibre, . . 19-66 to 20-2

Across the fibre, 16-93 to 167

—and that the ultimate extension of the plate in the line ofthejihre was double

as great as transverse to it. The latter, from the mean of ten experiments, found

the ultimate strength in the line of the lamination and fibre, to that transverse

to the same, in the ratio of 40-8 : 36-4
; the iron being of a stiffness, that it began

to extend sensibly under from ^ to | the strain of rupture.

The explanation offered by Mr. Fairbairn, that the difference may be owing

to better modes of " piling the rough bars," i. e., crossing them, before rolling,

cannot afiect the question. The principles here enunciated, upon which the

final direction of the fibre depends, as well as the facts known to every iron-

master who rolls boiler-plate, assure us, that no matter how the rough bars are

crossed or piled, the fibre of the rolled plate, if of well-manufactured iron, is

uniformly in the direction of lamination. And, were it otherwise, Mr. Fair-

bairn's experiments would be wholly inconclusive, as having been made on

iron, confessedly not having a distinctly longitudinal fibre, and, therefore, unfit

for the proposed inquiry.

212. Taking the means of Mr. E. Clarke's experiments, then, at 20 tons

longitudinal, and 17 tons transverse, the value of the coeSicient TV in each case

will be

—

In the line of fibre, = 234-84

Across the fibre, = 30-47

—taking the total extension = -0016 in the first, and half that in the second.

We find, therefore, that the elastic range ofuirought-iron, of any given gtmlity,
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depends upon the direction of the crystalline axes in relation to the strain, and that

the elasticity is a maximum, in the direction of the principal axis of the crystals, or

line offibre; and the important deduction arises, that for artillery purposes, the

ultimate strength ofa gun, In which the explosive strains are all resisted by wrought-

iron acting in the line of fibre, is to that of one acting transversely to the same, as

234-80 to 3047, or about 1\ to 1. This ratio expresses, in fact, the relative

strength of a " twist barrel," and of a common " skelp welded" or longitu-

dinally welded one ; and more than the whole advantage of this difference is

sacrificed and lost in massive forgings.

25.

—

Effects of Forging into large Masses, on the useful qualities of Wrought-Iron.

213. We have found that the effect of large increase in the mass, of wrought-

iron, in connexion with its necessary or existing modes of manufacture, is to

prevent by the process any regular or uniform arrangement of its integral crys-

tals ;—that as such masses are necessarily continued long heated while forging,

occupy long in cooling, and contract considerably in all their dimensions in

cooling, so the crystals are developed to a large size, and become arranged, to

a greater or less extent, in directions transverse to the siu-faces of external

contour of the mass.

The results are irregular " planes of weakness ;" reduction of ultimate

strength, to resist a quietly and steadily applied tensile force of from 20 to 17,

or in very large masses of from 5 to 4 in round numbers, and reduction of re-

sisting power to such impulsive forces as are concerned with artillery, in the ratio

of from 7J to 1, or probably even more ; for a train of difficulties are introduced

in the manufacture, and of injuries done to the chemical qualities of the material,

in proportion as we continue to increase the magnitude of the mass to be forged.

214. When the mass exceeds a very moderate bulk (in breadth and thick-

ness), the processes of rolling, &c., are at an end,—those of forging by the tilt or

steam-hammer alone are available. Skilled labour, and all the mishaps to which

the results of the most adroit workmanship are exposed, in dealing with the heat-

ing and hammering of vast and scarce manageable masses, are inevitable. The
mass must be gradually built up and aggrandized in size, by continual welding

on to it, of small pieces, involving reiterated heating and partial cooling ; expo-

VOL. XXIII. 2 L
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sure for weeks, perliaps, to a temperature at which the exterior of the mass

gets changed more or less in chemical constitution, and at each welding the risk

of inclusion of more or less slag, cinder, or other foreign matter. (Note R.)

At every additional piece thus laid on by welding, an additional doubt is

produced, as to whether or not the weld be sound throughout,—no examination

at the time can with certainty decide this. The mass, however, grows continually

in bulk and weight; the inertia of the hammer (large and powerful as this has

become through the intervention of the direct action ofsteam) becomes reduced

in relation to that of the mass in the same ratio ; the blow no longer acts with

uniformity upon the mass submitted to it, but is nearly confined in effect to the

immediate point struck. The mass, if very large, and especially if also long, can-

not be all maintained hot, between the portions at a welding heat and those

nearly cold, there are others at every temperature, and a large proportion at a

" low dull red," a heat at which all wrought-iron is more or less crumbly and

brittle. The jar and shattering vibration of every blow, as it thunders down

upon the huge piece, is transferred to the crystalline particles of these colder or

quite cold portions, and probably produces at length some considerable altera-

tion of molecular arrangement, in deterioration of strength, and often, before

completion, actually shakes the mass in two, at some point or other.

215. At length the limit is found, when, with our present known modes of

working wrought-iron (even with the heaviest and best appliances), we can no

longer add to its size. The limit is reached, by the failure of power to heat the

mass, or the required part of it, to the welding heat. The time required for the

piece to remain in the furnace to effect this, continually increases as its bulk grows,

and with it, the sources through which heat is lost and dissipated ; but a certain

proportion of iron is burned away, or melted off from the surface at the part

requiring to be brought to welding heat, and from the adjacent portions at every

moment that it remains in the furnace, at last, as much in weight is burned off,

and lost at each welding, as equals the weight of the " slab" or mass laid on, and

the labour is then in vain ; the work, like that of the embroidery of Pene-

lope, becomes an endless task, and the limit has been reached, beyond which

the piece can be forged no bigger.

The point at which this limit is reached, can be stretched a good deal by the

extreme skill of the operative forgeman, and the skilful construction of his
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furnace ; but, however great these may be, the limit is at length reached by all

;

and with our existing tools in Great Britain is probably reached in every case,

at a diameter (of a cylindrical mass) of about 4 feet, and about 20 feet in

length.

216. To the unpractised, though perhaps scientific observer, who looks at one

of those ponderous masses withdrawn from the furnace, glowing like a sun, and

observes the apparentlylittle effect that the thundering blows dealt by the steam-

hammer produce upon it, it always seems, that nothing more is demanded than

great increase of weight and length of stroke, or increased power in the hammer.

This, however, is a mistake : good forging, in heavy masses, depends not so much

upon the force of the blow, as upon its exact direction, and its application at the

precise moment when the welding metal is fit to receive it. The only effect of

great increase in the power, and especially in the velocity of the blow, is to shatter

and dislocate the internal or adjacent portions ofthe mass, which are at or about

a low (cherry red) heat, at which temperature the best wrought-iron appears

to lose much of its plasticity of heat, and be comparatively crumbly and brittle.

In fact, with existing hammers of 5 tons weight, and 6 foot blow, this effect is

very frequently actually produced.

217. On masses of very large diameter, the effect of the heavy blow of the

steam-hammer is frequently to produce a singular form of internal hoUowness

and unsoundness, at or near the centre of the mass, where perfect soundness may

have existed in an early stage of the forging. The shock of each blow received

at the surface, and the reaction to which is the inertia of the more or less softened

mass in an exact opposite direction, gradually condenses the iron towards the

circumference, by drawing it awayfrom the centre, where large cracks open with

rough torn opposing surfaces, and form irregular cavities. Sudden changes of

dimension, as when large projecting " collars" are forged down to a " shoulder,"

produce the like effect from like causes. The mass is generally unsound

towards the centre within the larger part of the mass. The efiect may be

illustrated, and is of the same sort in fact, as though a barrel nearly full of

bullets were slowly turned on its axis and heavily struck at successive points

all round its exterior ; the bullets, at each blow, would all tend to jerk towards

the point struck, with energy proportioned to their nearness to the blow, and,

if by any means kept in the positions respectively assumed after each blow,

2 L 2
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would at length be found ranged round the interior circumference of the barrel,

leaving an empty cavity in the middle, in the line of the axis.

218. If we are to seek for future great extensions of our power, of producing

vast masses of malleable iron (for whatever purposes) that shall give greater

assurance of internal soundness, and preserve in the large all the quahties of uni-

form and determinate disposition of fibre,—in a word, all the valuable qualities of

the best wrought-iron, as now known in small bars,—it must be by some vast

extensions or modifications of the rolling process, accompanied by such improve-

ments in the furnaces and modes of heating, as shall enable the largest masses of

prismatic forms, to be produced out of more slender rolled bars, laid or " fag-

goted," and heated together, and at one welding operation, rolled (or otherwise

pressed in the same constant direction at successive points) into one gigantic bar

which, for artillery, might be then twisted by suitable machinery, such as that

patentedbyMelling. Tothe subsequent operations ofbending, cutting, or shaping

such prismatic masses, however, so as to fit them, on a large scale, for the many

general purposes, to which forged pieces or " uses," as they are called, are now

applied, narrow limits of practical disadvantage and difiiculty can be foreseen
;

and as regards the fabrication of artillery, it scarcely admits of doubt, that the

limit of useful size has been already far surpassed, and that it is to a slcilful and

judicious combination of parts, each formed of malleable iron of moderate and

manageable dimensions, rather than to forging in one huge piece, that we should

look for the production of guns of the largest class in this material. We shall

return to the consideration of the best modes of attempting this hereafter.

26.

—

Change of Crystalline Axis in Wrought-Iron^ Cold.

219. Much has been loosely written of late years, on the supposed "loss of

fibre," and change to a confusedly crystalline structure, in wrought-iron, by the

mere effects of long-continued jarring or vibration, or very slight bending to and

fro at ordinary temperatures,—many affirming stoutly the fact, but without

bringing forward any instance or experiment that amounts to proof, and others

denying it, asserting in explanation, that in the instances adduced the " crystal-

lized iron was never fibrous," and which very probably has been the fact in

most of the cases adduced.
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220. The subject is one requiring, for its being completely understood, a

very cautious and difficult research, but one worthy of being at once made.
The following conclusions from existing knowledge may, however, be provi-

sionally offered as probably not far from correct :

—

r. There seems no reason to believe that any moderate extension or

compression, and, therefore, no moderate flexures, however long

continued or often repeated, produce any molecular change what-

ever in wrought-iron, provided that

—

a. The range of extension or compression be far within the elastic

limits.

b. That the velocity with which the extension or compression is made
be not extremely great, i. e. not approaching to or beyond the

" pulse period," due to the elasticity of the material (134).
2". Nor any reason to suppose that jarring or vibration, unless accom-

panied by some permanent change of form in the mass, is capable

of affecting any molecular change whatever, provided that the

material shall have been previously in a state of molecular repose,

i. e. free from internal strains, due to form, contraction in coolins,

&c.

Nor is it probable that abrasion alone, such as the grinding

away of the bearings of railway axles, or the scoring and rifling

of the chase of a wrought-iron gun by the passage of the shot,

produces any molecular change, but

—

3'. It does appear certain from many well-observed phenomena, that in-

stantaneous changes of molecular structure, and reversals or trans-

position of the crystalline axes, can be produced in wrought-iron

at ordinary temperature, by the violent application of mechanical .

force, producing suddenly change of form at one or more points

of the surface of the mass, provided the directions of the force

and the extent of change of form, be such as to produce internal

strains and inequalities of pressure, and that the extent of these

latter is greater in any one direction than the resistances due to the

elasticity and its range in the material.
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221. It would be foreign to our immediate end to pursue this subject Bere

at any great length, however interesting and important, and with one familiar

instance we must dismiss it.

The well-known operation by which a blacksmith breaks, cold, over his

anvil, a bar of the toughest iron that can be had, and whose fibre is all longi-

tudinal, consists in " nicking" one or both opposite sides of the bar, at the

required point of its length, to a very small depth with a chisel having an edge

formed to a very obtuse angle, generally about 90°, and driven into the sub-

stance of the bar, by blows from a sledge with great velocity. When this is

done, a bar of moderate size, so tough and fibrous that at every other place it

is capable of being bent sharply double without fractvire, may be broken across

at the " nicked" place, often by bending over one's knee ; always by a few light

blows transversely on the anvil.

When the fracture is exposed, the iron is found at the " nick" to be short

and crystalline ; the crystals are on the whole arranged transversely to the bar's

length. Their facets are largest and most transverse, just at the sinus of the

angle of the nick, and either no sign of the longitudinal fibre constituting the

structure of every other part of the bar is visible, or occasionally some portion

of the section at the side or part most remote from the nick, or in the centre

between both, is still visible.

Now what happens in this is rendered obvious by the following diagram

(Plate vl), in which Fig. 1 represents the side of such a bar at the nicked

place, and the change of direction there of the crystalline axes. But, what

internal forces have acted on them to produce this ?

Looking at Fig. 2, it will be seen that the driving the edge of the wedge-

shaped chisel into the substance of the bar has produced compressions, whose

pressures are propagated in directions perpendicular to the faces of the wedge

or of the nick that is the express copy of it. These pressures, in the directions

CO, co', are resisted, and finally equilibrated by the elastic compression of

the longitudinal crystals in the directions of theu- principal axes, namely, /o, /V
;

and the resultants of these mutual pressures meet in the substance of the bar, in

the directions or^ o'r', which are those of maximum internal strain ; but in the

space between these, cd, approaching the angle of the nick, and perpendicular to

these resultants, are the lines of minimum pressure. Now these are the new
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directions that the principal axes of the crystals assume at the moment that these

pressures disturb their previous equilibrium, that is to say, at the moment of

makinar the nick.O

Fig. 3 shows the further change in crystalline arrangement after that

' assumed by the bar, as above described, due to the " nick," and subsequently

produced by the bending, prior to final fracture.

Supposing the bar bent by pressure, or blows, towards the side remote from

the nick, as soon as the fracture is complete, it presents a surface, as in Fig. 5,

consisting of facetted crystals, piercing the bar transversely from the angle of the

nick to a certain depth ; a central portion where the original longitudinal fibre

of the bar has remained unchanged, but is broken across ; and again, a narrow

strip of flat facetted crystals transverse to the line of fibre, at the side furthest

from the nick.

Now these latter, were produced by the bendmg of the bar, after the nick

had produced the former. The side furthest from the nick is the compressed

side of the bar, the neutral axis being somewhere between. The direction ofleast

pressure at this compressed side is, therefore, transverse to the bar, and hence

the new direction taken up by the crystals at this point, in accordance Avith the

general law. Had the bar been bent towards the side nicked, in place of the

opposite way, the nicked side, would have been the compressed side, where the

transverse crystals were already formed, and the fracture, when broken across,

would have been fibrous out to the very edge, remote from the nick (provided

the whole bar had been uniformly fibrous beforehand, and nicked only at one

side), as shown in Fig. 4 ; and for this reason the bar would have been harder

to break in this direction, as every blacksmith knows to be the fact.

222. Thus, then, this change of crystalline arrangement at ordinary tempera-

tures is another case of obedience to our general crystalline law, that the principal

axes are found in the directions of least pressure within the mass, and that the

change of direction is possible to be produced in " cold iron" is due to the fact,

of its having more or less ductility at all temperatures, which means in fact

that more or less permanent displacement of molecules is competent to the

material at any temperature. There is, therefore, no ground for anticipating

that wrought-iron artillery would rapidly or at all (if originally properly pro-

portioned) deteriorate in tenacity, and so, gradually, and yet unascertainably,

become unsafe in service.



260 Mr. Mallet on the Physical Conditions

223. A good deal of information on this subject occurs in Mr. Hood's Paper,

on the "Changes of Internal Structure of Iron" (Pr. Ins. Civ. Eng., vol. ii. p. 180).

He attributes the changes which he describes to the conjoint action of " percus-

sion, heat, and magnetism," but without any distinct views or attempt at a

united theory. He suggests no solution of the way, nor fixes any limits within

which percussion acts; and the conjoint action of heat, and especially of

" magnetism," appear perfectly gratuitous ;—words without a physical idea.

224. Mr. Thorneycroft, also, in a paper on the same subject (Pr. Ins. Civ.

Eng., vol. is. p. 295), has collected some interesting facts, though his state-

ments seem rather warped by certain preconceived views.

225. In no paper, however, that the author has seen, is any attempt made to

connect all the phenomena of change of crystalline structure in iron at all tem-

peratures, with the action of some one recognisable force, such as that which

he believes to constitute the true solution and key to all the varied and complex

facts noticeable, and which he considers he has been the first to enunciate,

namely, the arrangement of the principal axes of the crystals in the lines of

minimum pressure within the mass.

27.

—

Effects of the Variable Rapidity of the Blow or of the Velocity of appli-

cation of the FMpturing Strain, upon the character of Fracture of the same

Wrought-Iron.

226. It has been stated (section 113), that under the rapid stroke of cannon-

shot, the longest and most fibrous wrought-iron breaks short and crystalline,

like cast-iron.

About 1842, a number of experiments was made at Woolwich, under the

direction of General Dundas, upon the effects of 32 lbs. shot, fired at short

distances and at various velocities against wrought-iron targets variously pre-

pared to represent sections of the sides of iron ships.

These experiments were generally understood at the time, to have been urged

upon Government by certain promoters of iron ship-building, in the expecta-

tion that the results would signally establish the superiority of iron over timber

as material for ships of war—a notion obviously founded on the tentative know-

ledge of merely practical men of the resistance of tough iron to a slowly acting

detrusive force, such as that of a punching press, and not upon any just physical
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conceptions. The results, however, of the experiments (at which the author

was present), very rapidly dispelled all ignorance of the subject, and fully

justified the conclusion, come to by Government, that plate-iron ships, as then

(and still) constructed, are unsuited to the purposes of war M'henever they may

be exposed to shot. At low velocities, the laceration of the rivetted seams, and

utter dislocation of the bolts connecting the opposite sides of the double-plated

targets, was conclusive as to the fate of an iron ship (although prepared with

12 inches thick of India-rubber and cork lining), if exposed to a few rounds of

large shot, fired at a very moderate velocity. In a scientific point of view,

however, the most remarkable and important phenomena were elicited by the

effects upon the plates of the shot fired with full service charges, and having a

velocity probably not much under 2000 feet per second.

The effect on the plates, which were about half-inch thick, and of fine tougli

iron of the best quality, was to strike out an almost perfectly circular hole, a

little larger in diameter than the shot, with scarcely any burr or bending of the

edges, which were broken off sharp and square, and presented all round a large,

well-defined, crystalline fracture, the planes or facets of the crystals very gene-

rally being disposed tangentially to the circumference, and perpendicularly to

the plane of the plate. The piece struck out was shivered into fragments,

seldom having a surface of above three or four square inches each, and all

whose edges also were sharp, square, and crystalline, with the greater number

of the planes of crystallization nearly parallel to the lines of fracture. The
temperature of the pieces struck out and the iron around the aperture was

raised, by the sudden rupture and change of form, from that of the atmosphere,

to one so hot, that the fragments, when picked up at the butt, after having flown

about 150 yards through the air, could not be handled with the naked hand,

and in several cases the heat was sufficient to " blue" the surface of fresh metallic

fracture.

227. Whence did this arise? Why should the velocity of the blow change

the nature of the fracture of the broken body ?—for there can be no doubt that

any one of those plates broken by bending slowly backwards and forwards, or by

striking over an anvil with the moderate velocity of a common sledge-hammer,

would have been with great difficulty, broken at all, and would at length have

presented a long and irregularly fibrous or very partially crystalline fracture.

VOL. XXIII. 2 M
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The fact lias been long known to workers in iron, that no iron, however

good and fibrous, will bear being bent double by the hammer, under blows

exceeding a certain amount of velocity, known by tact and experience; and that

by adroit management, in regulating the slowness with which the iron is so

bended double, a very inferior fragile iron may be made to simulate, to an

unpractised observer, all the external appearance, when bent, of the toughest

;

that, in fact, the rate at which iron can be bent double (cold, of course), is

greater in proportion to its original toughness ; but no explanation has ever

been offered as to the cause ; and as bad and fragile iron is alwaj's more or less

confusedly crystalline in fracture, no observations were made as to any change

in its character, dependent upon the rapidity of the strokes or other forces

applied to bend it.

228. One part of tiie phenomena, however, viz., the relation between the

toughness and the possible rapidity of bending without fracture, admitted of

solution on well-known principles. If we gently apply the force of the hand trans-

versely to a stick of cold sealing-w^ax, and continue the pressure long enough, we

shall be able to bend it double. If we leave a lump of cold pitch, upon a flat plate,

it slowly changes form and assumes that due to a viscous and imperfect fluid

;

but if we let the same stick of sealing-wax, drop from the hand upon a marble

floor, or if we throw the lump of pitch against a wall, both are shattered into

fragments, which alike break with a vitreous or resinous fracture. Nor is this

confined to bodies possessing the great ductility and flexibility of pitch or

shell-lac ; for, going to the other extreme of rigidity, we find that even glass,

proverbially brittle under the slightest shock, slowly yields and changes its

form under a constantly applied force, so that the bulbs of very old thermo-

meters, exposed for many years to the pressure of the atmosphere, less that of

the included column of quicksilver, become diminished in capacity, as proved

by the permanent elevation of the zero of the scale of those made by Sanctorio

himself; or, again, that the marble slabs of our ancient mantel-pieces, exposed

for years to the constant transverse strain of their own weight, and more

expanded on their lower than on their upper sides by the radiating heat of the

fire beneath them,—gradually sink down, and become permanently curved, the

versed sine often reaching in this rigid material ^ of the length.

229. In the case of slowly applied pressure the effect upon tlie material is
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measured by tlie pressure P simply, and the limit of its equilibrium is established

by the ultimate strength of the body only; but when the pressure is applied

rapidly, or with velocity, its effect is measured by the square of the velocity,

Py', and equilibrium depends upon the range of elastic compressibility or

extensibility of the body, and, as long since explained by Dr. Young, upon its

modulus of force transmission; for if the velocity of impulsion, be to that of

force transmission, in a greater ratio than the coefficient of final compression or

extension at rupture, due to the material, bears to the length or depth of the

body compressed or extended, destruction of continuity must occur, since the

body is broken in successive infinitely thin couches., the time not being suf-

ficient to admit of the transmission of the force from the first point of contact,

beyond it to other or distant parts of the mass.

So that if fjL be the modulus of force transmission (sect. 134), and that of

final extension or compression at rupture, ^ = V, the velocity that shall insure

fracture ; and as V^ = 2gh, the vis viva required for fracture is,

^\P. (56)

230. Thus, for wrought-iron we may assume the modulus offeree transmis-

sion at 13000 feet per second, and = 0'05, or ^. From which we find, that

the impulse of any perfectly rigid body, striking it with sufficient force, will

produce fracture (and not bending, however tough and good the iron), if its

velocity exceed 560 feet per second, or between one-third and one-fourth that of

a cannon-shot. Where the striking body is itself compressible (as is always more

or less the case), the velocity required will be rather greater, and the more so as

the compressibility is greater. Hence, in the case of impulse produced by the

mass of a highly compressible body, such as that of the elastic gas liberated

suddenly from the explosion of gunpowder, the velocity of its motion requires

to be enormous, in order to 2'>'''oduce fracture thus by its own inipidse only,—

a

consideration by which we arrive at a clear conception of the almost incon-

ceivable velocity of development of the elastic matter from the explosion of

fulminating silver, and other such compounds, which produce fracture upon

2 M 2
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solids, in contact with them at the moment of explosion, almost witli the facility

of rigid solids. Thus, a few grains of fulminating silver strike a hole through

a thick iron plate, or indent the face of a steel anvil on which they may be

exploded. Indeed, pursuing this consideration, we might calculate the velocity

of evolution of the gases of decomposition of such bodies, which has not yet

been done. Except, therefore, under tlie stroke of such formidable compounds,

we need never dread the fracture of any of the metals applied for ordnance, by

the velocity of impulse from the mass of an elastic gas only. The striking mass

requires to have the rigidity and weight of a solid body to produce fracture

at lower velocities.

231. But in all these cases the character of the fracture is the same, whatever

be the velocity with which it is produced. The sealing-wax and the pitch, alike,

present a vitreous fracture, whether broken slowly, or shattered suddenly

against a rigid mass. The glass and the marble present their characteristic

fractures, whether broken by the most gradually applied push, or the sharpest

blow ; and so also for every class of unorganized bodies we are acquainted

with, except one, namely, that which embraces all bodies possessed of a

certain amount of rigidity and ductility united, in connexion with a crystalline

arrangement, or the power to assume it.

This class is chieily confined to the metals, and amongst many of these we

find that the character of the fracture varies with the velocity of the blow.

232. This alteration of fracture is due, then, to either of two causes, or to

both conjointly sometimes, viz., either to condensation and hardening, produced

by compression, or to crystallization, induced or altered at the moment by

compression ; and it is not improbable that every case of metallic hardening by

flexure, or by compression, or change of form, is only one of inceptive or incom-

plete crystallization, for the metals that crystallize least perfectly and readily,

and whose annealing temperature is extremely low (subsequent sections), such

as lead and tin, are those that are scarcely hardened at all by flexure, compres-

sion, or change of form. Thus, it is scarcely possible to break a piece of pure

lead by bending it backwards and forwards any number of times.

233. To limit ourselves, however, to the case of wrought-iron, the rigidity

of which is readily and powerfully affected by compression and change of form.

When a thick plate is struck by a shot, its plane surface, for the instant

I
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preceding fracture, tends to be bent with curves of contrary flexure into a

hollow, whose section is thus compressed atyi b, and h', and extended at the

other sides of the plate opposite to these letters. "We say tends only to bend,

because, on the principles already stated, time is not given it to bend ; but the

extensions and compressions occur in the plane of the plate, the same as if

bending did take place by the directions in which the striking out of the frag-

ments takes place in the way already described. Thus, then, we have pressures

instantaneously propagated through the mass, radially from the point of impact

of the shot, and in the plane of the plate, forming a circle of compression, at

the struck side, whose centre is the first point of impact, and its boundary

evanescent, and surrounded by an extended annulus, and the exact reverse of

all this at the back or opposite side of the plate, the extensions and compressions

being all radial to an axis passing through the plate at the point first struck.

234. The effects on the crystallization of the iron is precisely analogous to

those described further on in breaking a bar. Lines of maximum and of

minimum pressure are produced within the plate ; its crystals, all probably

lying originally parallel to the plane of its surfaces, and to that of its original

lamination, are instantly changed in direction ; their principal axes are reversed,

and assume the directions of minimum pressures within the mass, which are

those of tangents to the circumferences of the circles of extension and com-

pression, and such are just the directions in which we find them. The iron,

therefore, breaks short and brittle, because of the velocity of the blow, and

the relation of this to its elasticity and elastic range (0) ; and it would do this

whether the character of the fracture were altered (as produced by breaking

slowly) or not, but the alteration of the fracture from fibrous to crystalline is

due to the sudden compressions and extensions visited upon the internal parts

of the plate. It is, therefore, only another case of our general law of crystalline
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arrangement ; the principal axes assuming the directions of least pressure.

As the planes of weakness in •wrought-iron are the planes of cleavage of its

original crystals (i. e. the crystals in its mass as manufactured), so when these

are originally confused and partly transverse, the bending double a bar of such

a character (i. e. of bad iron) becomes doubly difBcult :— 1st. Because of the

original crystals transverse to its length ; 2nd. Because of those induced in the

process ; the rate of bending, therefore, must be proportionably very slow.

235. The author is not aware that any explanation on just physical groimds

lias been before oifered of these well-known phenomena. Swedenborg, in his

large work, "Regnum Subterraneum sive Minerale, de Ferro," published in

folio at Leipzig in 1734, Par. xxv. pp. 215, 267, 270, has described with much
accuracy several of the forms of crystalline arrangement of wrought-iron, and

of its passage into steel ; and some interesting observations on the crystalline

fracture of wrought-iron, by M. Aug. Malberg, will be found in the " Bui. du

Musee de I'lnd. de Brux.," 1846 ; but neither these, nor any other author, appear

ever to have grasped the leading thought, which is the key to the question.

Upon these principles depends

—

28.

—

The relative Injury done by the Stroke of Shot, to Guns of different

Materials.

236. Experiments were made in France, at Lafere, in 1836—37, by firing

round shot en ricochet at 100 metres range, at equal-sized guns of cast-iron and

of gun-metal, which proved decisively in favour of the former as respected the

resistance offered to injury thus caused; every diametric stroke of round shot,

even with very reduced charges, producing dinges, or indentations, upon the

bronze guns, reaching to the interior, to such an extent as to prevent the possi-

bility of afterwards ramming home a shot. (Thierry, " Applic. du Fer, 6L-c."

2nd partie, p. 125.)

237. It is believed, that no similar experiments have been made on any

wrought-iron gun ; but the point is one not difBcult to predict accurately upon.

The stiffest (or most rigid and tough) and heavest material, is that which

must suffer least by a given impulse from a liarder body, provided that fracture

do not result from the blow.
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238. With steel guns, reduced in scantling at all in proportion to their

assumed resisting powers, fracture would, in all probability, follow llie stroke of

shot ; the latter being shattered, also, into a formidable "mitraille" against the gun.

The chances of this are much less with cast-iron, and less again with wrought-

iron. If the mass of the wrought-iron gun, remain not very much reduced

below that of a cast-iron gun for equal caliber, there is no reason to suppose it

would be more liable to injury than the cast-iron gun. But, if the relative mass

of metal for the same caliber were seriously reduced, as niiglit be done witli

wrought-iron field guns, of equal resisting powers with existing ones of bronze,

more susceptibility to injury thus, might be anticipated; but still very much
less than the amount to which the bronze field-guns of all the world (excepting

the few cast-iron field-guns said to be employed in Sweden, Denmark, and the

United States) are at present obnoxious.

29.

—

The mutual relations of the Material of the Gun and of the rapidity of

Explosion of the Charge.

239. Since the year 1801, when Howard published his discovery of fulmi-

nating mercury (Pliil. Trans.), and his experiments, with Keir, upon its eflects

when substituted for gunpowder in fire-arms, it has been recognised, that some

explosive substances become gaseo\is with inconceivably greater rapidity than

others; that, in fact, the word explosive merely expresses a vague relation

between the volume of gas evolved from a solid or liquid, in changing its state

by chemical or molecular action, and the time occupied in that change ; so that

the coal that slowly becomes water and carbonic acid, &c., in our domestic fires,

and the gases suddenly liberated from an ignited charge of gunpowder, are but

extremes of a line of similar phenomena, connected in character, and differing

mainly in rapidity.

240. Yet theexplosion ofgunpowder itself, estimated byllutton as expanding

at a velocity of about 4700 feet per second, and found by Robins to be probably

about 7000 feet per second, is a comparatively slow combustion, and conversion

into gaseous matter, exceeded greatly in rapidity by many known agents,

—

amongst some of the best known of which may be named, in the relative order

of rapidity of explosion :
—



268 Mr. Mallet on the Physical Conditions

Chloride of nitrogen.

Iodide of nitrogen.

Fulminate of silver.

Fulminate of mercury.

Fulminates of several other metallic bases.

Pyroxyle, or gun-cotton.

241. Gunpowder itself also differs much in the rapidity of its explosion

according to the density and mode of the charcoal having been burned, its

state of aggregation, the fineness oflevigation and intimate admixture of all its

constituents, and their relative proportion, the size, form, and density of the

grains, and highness of " glaze" of the powder, and its perfect dryness. When
all, or the chief of these numerous conditions, are united favourably in certain

gunpowders, their rapidity of explosion is so great, and their injury to fire-arms

so remarkable, that they are known in France as " poudres brisantes." This

property is still further exalted if the powder be slowly heated up to nearly the

highest point it will bear without decomposition, prior to ignition (as when

charged into a heated gun, in the way previously alluded to) (sec. 89). It is

stated that a temperature of IGO'Fahr. increases the effect of the explosion ^,

and that one of 400" nearly doubles it (Straith on Artillery, p. 554). This effect

is not so much due to increased tension of the gases evolved by elevation of

temperature, as to the state of unstable equilibrium into which the elements of

the compound are brought by its gradual increase, towards the verge of that at

which total subversion occurs, producing far greater rapidity in the explosion

when it does occur.

242. A very simple and beautiful, though not very common experiment,

well illustrates this. If a common Congreve or Lucifer match (those made of

sulphuret of antimony and chlorate of potash answer best), be slowly and

cautiously heated up for a minute or two, nearly to its igniting point, by being

held close to a fire, or to a heated iron bar, and then ignited, it no longer catches

fire and blazes, burning gradually out, as when lighted in its ordinary con-

dition, bwt explodes suddenly, with a sharp loud report, and this, whether

ignition be in this state produced by friction only, or by contact of an ignited

body.

The effect of the gradual exaltation of temperature, in either case, is to
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diminish still further the moment of time before required for the change, from

the solid to the gaseous state. The distress upon the gun, however, is depen-

dent upon the shortness of this time of explosion.

243. Neglecting the inertia of the charge itself, and supposing it fired from

the centre, so that its evolved gases shall have equal density against the breech

and the shot, if P and P' be the weights of the shot and of the gun, the total

vis viva of the explosion is,

p p
9 9

and

P P
t-V' = -V'\ (58)
9 9

the vis viva of the shot, and of the recoil.

244. Assuming that the " work done" upon the shot, and upon the gun, is, in

the case of every explosive agent, proportional to the volume of gases evolved,

and that this is proportional to the weight of the charge, 2>, we have, for different

velocities, and weights, of shot and charge, the proportions

PV'-.P'V'-.-.p-.jf.

For, the same shot P=P, with different charges,

V'-.V-.-.p-.p', (59)

and for the same charge p) —p\ with different shot,

PV' = FV'\
or,

V:V'::y{P'):y(P). (60)

This law, first given by Hutton, as deduced from his experiments, has been

subjected to fresh investigations by Colonel Mallet, of the French Artillery, by

General Piobert, and others, and has been verified for gun-cotton as well as for

gunpowder.

245. In the following Table the results of some of these experiments are

given, in which the vast differences in effect, due to difference of aggregation,

composition, &c., in the charge, ai'e manifested :

—

VOL. XXIII. 2 N
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Table XII.

E.XTLOSIVE AgEXT.
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P

//

L '

271

(61)

L being the length of the chase, or ratlier of that part of it passed through by

the shot, is equal to the mean effort of the charge. This mean effort, and the

pressure per square inch due to it, is always below the maximum mean effort,

or pressure, and the latter is most in excess of the mean, where tlie lengtli

of the gun is greatest. Hence, comparisons of mean pressure for gunpowder

and gun-cotton will be nearest the truth when taken for the shortest trajects

within the gun, or at moments nearest to that of ignition.

The following Table gives the velocity, vis viva, and mean effort, due to

gunpowder and gun-cotton, within the limits tried :

—

Table XIII.
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is reduced ; and that the maximum tension is attained when the shot has been

displaced 0'075 metres. It is, then, for the gun-cotton, = 493-4 atmospheres,

while at the corresponding length for gunpowder it is only = 227-7 atmo-

spheres.

It follows, then, that the strain upon the gun for equal ranges, and equal

weight of shot, is with gun-cotton about double that with gunpowder.

249. Had we learned, experimentally, the actual time required for the igni-

tion and complete combustion of given weights and volumes of gunpowder

and of gun-cotton, more precise conclusions could be arrived at as to the best

material for cannon intended to be fired with the latter. With the exception,

however, of a single set of experiments made by the author, as to the time of

explosion of some rather large charges of gunpowder, by means of the chrono-

graph, incidental to his experiments on earthquake-wave transit (Trans. Brit.

Assoc), no experiments seem as yet to have been made on the subject.

250. With guns whose resistance to ultimate rupture shall be so propor-

tioned by excessive scantling as to be far within the limits of safety, there can be

no doubt that the metal whose period of force transmission is highest will suffer

least from the rapid blow of gun-cotton, while the ductility of gun-metal must

render it susceptible of rapid injury of local form by it ; and should the extreme

lightness of gun-cotton as ammunition for field artillery ever induce its general

adoption for that arm (as the experiments in Bavaria and Austria seem to

render somewhat probable), there can be no doubt that wrought-iron field-

guns would be found the best fitted to resist its action, if properly made ; their

length being reduced and thickness varied, in accordance with the above

experiments, and the external contour of the gun wholly altered from the estab-

lished models of brass field-guns.

251. While, however, a metal comparatively rigid and highly elastic will

suffer least distortion under the stroke of gun-cotton, or the like rapidly

exploding agents, there may be ground to apprehend that internal molecular

injury, and final dislocation, may more or less slowly result from the shattering

jar of such explosions, and most of all so, in a loosely coherent and crystalline

mass, such as cast-iron, although such might not occur with gunpowder, or be

much more slowly produced.

252. That particular form of destruction upon long-continued firing which
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appears to wait on heavy cast-iron guns, due (as already explained) to the local

internal strains induced by the condensation of the metal at the interior of the

chase, must with gun-cotton be greatly accelerated. On the other hand, the

heat evolved is much less from gun-cotton than from gunpowder, and hence

less powerful internal strains from unequal expansion of the gun.

30.

—

Material of the Gun in relation to Chemical Action of the Charge.

253. Sulphuret of potassium, converted in great part while in a nascent state

instantly by oxidation into sulphate of potass, and water, appear to be the main

agents, resulting from the decomposition by ignition of gunpowder, capable of

acting destructively upon the gun. In the case of gun-cotton, nitric acid and

water are the agents in a like predicament.

254. Water, combined with or acting along with air, as is always the case

here, reacts with rapidity in corroding iron and cast-iron, the extent of which,

for unit of surface and in relation to time of action, have been given very fully

in the author's researches on the Corrosion of Iron (Trans. Brit. Assoc. 1840);

but neither air nor water, nor both, have a very appreciable corroding action

upon gun-metal.

255. Upon all three, cast-iron, wrought-iron, and gun-metal, the oxidized

compounds of sulphur, as well as the alkaline sulphurets, act with rapidity,

perhaps more destructively upon guu-metal than on either of the other metals,

producing a form of local corrosion that eats the metal into pits and small

cavities, not unusually found in the interior of old guns.

256. The most formidable chemical re-action, however, produced in any

species of ordnance is that by which the vents, and portions of the interior of the

chase near the seat of the shot, become so much enlarc'ed in continued firin^
? DO

from cast-iron guns. This, which has been always attributed solely to gradual

rending off and blowing away mechanically of minute successive fragments ofthe

metal from the neighbourhood of the vent, by each discharge, is in fact a veri-

table deflagration of the uncombined graphite contained in the cast-iron, and

of the metal itself (See Note D.) The carbon first, the metal itself directly

afterwards, burn just as the carbon of the powder itself does, and the remaining

metal, rendered soft and porous whei'e this occurs by the initiatory burning
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out of the graphite, is rapidly swept away by the blast of each successive

discharge. Copper vents, or, still better, red gun-metal (copper with about

3 per cent, of tin), bouched into the gun, appear to remedy this to a great

extent. The French experiments at La Fere, however, gave some ground to

suspect a weakening of the gun by the excess of expansion of the copper plug.

It would seem that a far better method than " tapping" or screwing in the vent-

plug might be adopted, giving the power of renewal, and of rendering the gun

unserviceable or serviceable again in a few seconds, without the necessity of

s])iking and unspiking, and preventing the possibility of the latter being effec-

tually performed.

31.

—

Of the Position of the Trunnions upon the Strength of the Gun.

257. The mass of the shot, whose diameter is Z>, being J/, and its initial

velocity v, and the mass of the gun M', neglecting that of the powder, the vis viva

of its explosion is (Eq. 58)

Mv' + M'v'\

and that of the recoil M'v''\ Tlue latter, transferred as a pressure against the

interior of the breech, is propagated as a force tending to stretch the metal

of the gun from the section rj in line of the axis towards the muzzle z ; the

rate of propagation, being (Eq. sect. 134) extremely rapid;—most so in steel;

least so in gun-metal ; in either so rapid that, to the senses, the whole gun recoils

together and as one mass, and at the same instant; yet in reality the first

effect of the recoil is to elongate the gun, pushing out the breech part like one
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end of a spiral spring; the elongation traversing the whole length of the gun,

and arriving at the muzzle, leaves it at its original length, assuming the elon-

gation to have been far within the elastic limits. In its rapid progress, however,

it has produced a strain in succession in the line of the axis upon every part of

the gun.

2.58. If the gun have no trunnions, but, resting without friction, abut firmly

against a fixed obstacle against the breech at x, then the segment in rear of the

cartridge will be compressed by a force equal to the whole recoil in the direc-

tion yx, while the remaining parts of the gun will be extended by a force in

the direction yz, which, at the transverse section ?/, is equal' to the recoil, and

at the muzzle is = 0. If F, then, be the work done to tear the gun in two at

the section y, and t — the momentary time of the traject of the shot along the

chase until leaving the muzzle,

'^t = Ft (62)

will be the longitudinal strain upon the gun.

259. If the breech be imsupported at x, the strain tending to tear it off at

M'v'^
the section y is = —-— t, diminished only by the inertia due to its small mass

between y and x, or,

Ft = ('-^-'^V -(63)

260. If the gun be fixed rigidly on trunnions placed in the usual position at

t, the strain tending to tear or break them oif is equal to the whole work done

by the recoil. The bearings always yield something, however.

The tendency to tear the gun in two at the trunnions, if 3L" be the mass

between x and t, is

*^"-i^>. (64)

This extension in the section at t at the first moment is, on the principle already

stated, followed by a compression in the direction zt, of equal amount, and so

for any other position of the trunnions.

261. The amount of extension or compression, assuming the gun of equal
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transverse section of metal throughout its length, and its elasticity perfect, being

given by equations 19-27, it follows that the longitudinal strain upon the

metal of the gun, due to recoil, will be a minimum, ifthe trunnions be placed at

the farthest point to the rear (as in mortars) ; or moves completely, if there be

no trunnions, and the gun be firmly and rigidly supported against the recoil at

the breech.

262. But in every case there is a certain amount of end-on strain ; the metal

of a gun is, therefore, at the moment succeeding explosion, subjected simul-

taneously to three diiferent strains, acting at right angles to each other—the

tangential or bursting, which is exteusional, and accompanied by compressive

or radial strains, which are normal, and the longitudinal re-active strains of the

recoil, chiefly extensional, in line of the axis. There are good grounds for

presuming that the existence of the two latter tend to a certain extent to

weaken the resistance of the metal to the former.

263. The author is not aware that any direct experiments have as yet been

made with a view to ascertain what effect would be produced upon the tenacity

of a prism or bar already strained in the direction of its length by the applica-

tion of new forces of extension or of compression along its whole or part of

its length, and perpendicular to the former. Whatever hypothesis be made as

to the law of aggregation, or of lateral adhesion of the ultimate molecules, it

would seem to follow inevitably, that lateral extending forces must reduce the

tenacity of the bar, and probably that lateral compressive forces might increase

it, dependent much, however, as regards the latter case, upon the relation

between the ductility and the ultimate cohesion of the material. If we assume

the molecules arranged equidistantly in parallel equidistant lines throughout

the bar (like strings of beads), whether opposite each other in the same trans-

verse section, or (quincunx) each falling into the space betwixt two of the

adjacent ones, and attracted mutually by a force varying by whatever lav/' with

respect to distance, it would seem likely that a force acting transversely to the

bar by extension, and equal to that extending the bar in length, might diminish

its strength by a function of -/2 : 1. Mr. P. W. Barlow's " Experiments on the

Existence of an Element of Strength in Beams," &c., arising from lateral action

of the particles (Proceedings ofRoyal Society, vol. vii., p. 319), as well as Vicat's

(Ann. de Chim.), bear upon this obscure subject, upon which experiments are
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much to be desired in relation to the construction of artillery ; for, whatever

be the law or amount, of decrease of strength, as against the bursting strain, due

to the coincident longitudinal extension and normal compression, there seems

enough already known to warrant the supposition that the reduction is often

serious, and that it may be much and unnecessarily increased, by an injudicious

position given to the trunnions, and by their rigid fixation, into massive and

unyielding metallic gun-carriages. And, as the longitudinal strains are a

minimum, when the gun is not sustained on trunnions, but is supported along

its whole length, and the recoil firmly resisted, by a fulcrum behind the breech

(like the barrel of a musket in its stock), so there can be little doubt that a

gun mounted in this form will resist the largest charge in proportion to its

scantling and material, or, with any ordinary charges, will last the longest.

Thus the cumbrous cannon of ancient times, whether accidentally or not,

possessed in this respect another element of strength. (Note A, " Ancient Ser-

pentines.")

32.

—

General Comparison of the Constructive Constants of the Materialsfor

Ordnance.

264. Having thus considered in succession, the relational characteristics of

each of the four chief materials for the fabrication of artillery, and some of the

most important specialties that belong to each, we arrive at a point where, in

the four following Tables, are presented in one view the principal deductions

which the discussion warrants :

—

Table XIV.

Of the Physical Properties of the principal Materials of Construction for Artillery, from British Data.

1
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Table XV.

Comparison of Weight, Strength, ExteimbilUy, and Stiffness; Cast-iron being unity, within practical

limits, to Static Forces only.

Material.
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265. The first of these Tables (Table xiv.) embraces results sufficiently

within the limits of extreme experiments to be reliable in practice. The blanks

and interrogations in some of the columns, especially as regards gun-metal, indicate

how little the attention of experimenters has been directed as yet, to answer the

many important questions, needed to fix upon an exact foundation the principal

data for fabricating cannon of that material. (Note S.) TVe perceive, however

how completely the fancied superiority of steel, as a material for ordnance,

vanishes, on comparing columns 11, 12, 13, and 14; and that, with properly

proportioned guns under service charges, wrought-iron stands superior to all other

materials—three times stronger than gun-metal.,four times stronger than cast-iron,

and about one-third stronger than steel; while at the ultimate strain of rupture, it

is not far below steel, double as strong nearly as cast-iron, and about a third

stronger than gun-metal ; the forces being in all cases impulsive.

In Table xv. the general distortibility of the four metals, is compared with

cast-iron as unity ; and here again the superiority of wrought-iron is apparent.

In Table xvi. various molecular conditions for the same metals are com-

pared, and as in the preceding Tables, the conditions of strength, so in this,

those of durability, and of those conditions in service, discussed in the earlier

part of this work, are put in comparison.

266. While lastlj', in Table xvir , the results are brought to the test ofmoney
value. We find that wrought-iron guns are more thanfive-fold as durable as

those of gun-metal, and twenty-two times as durable as those of cast-iron, without

taking any credit, whatever, on the side of wrought-iron, for the deterioration

of cast-iron due to mere repetition of discharge, as referred to in chap. 17 ;

while the first cost of wrought-iron guns (at a large estimate), is not more than

double, that now paid for cast-iron, and immensely below the price of either gun-

metal or steel ; and, taking first-cost and durability together., gun-metal cannon,

are about seventy-seven times, and cast-iron guns, about thirty times, as dear as

7crought-iron artillery. Again, the cost ofhorse-labour, or other means of transport

for equal .strength (and of course, therefore, for equal effective artillery power) is

abovefive times as great for gun-metal, and nearly three times as greatfor cast-iron

as for wrought-iron guns. This last consideration puts out of view, the assumed

necessity, for a determinate large dead weight in guns, for the mere purpose of

2 o2
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absorbing recoil,—a necessity by no means self-evident, and to the consideration

of which we have adverted. (Note T.

)

In every respect, then, in which we have submitted them to a comparison,

searching and rigid, and that seems to have omitted no important point of

inquiry, wrought-iron stands pre-eminently superior to every other material for

the fabrication of ordnance.

But we have also indicated grave difficulties, incident to the forging of large

masses of wrought-iron, and hence, apparently insuperable obstacles to the use

of wrought-iron, even for guns of the largest caliber at present in use, much less

to the extension by its means of the magnitude of our artillery, far beyond any-

thing yet attempted, at least in modern practice.

We proceed, then, to consider how these difficulties can be met, and to

determine the conditions under which wrought-iron may be applied to the con-

struction of artillery, so as at once not merely to escape, the evils and vast

expenditure, of immense single forgings, but also to enable the whole strength

of wrought-iron of the best quality, and in its most advantageous state of aggre-

gation, to be applied.

33.

—

0/ the proper Construction, in Wrought-Iro7i, of Guns of the largest class.

267. In the preceding pages it has been shown, that the difficulties of manu-

facture in wrought-iron, incident to changes in its molecular condition, com-

mence at the point where the rolling process must be abandoned, and give place

to forging and hammering (chap. 25). That the frontier of this limit is capa-

ble of being largely extended, will not be doubted by practical ironmasters

(sect. 215). With existing methods and machinery, however, the production

of wrought-iron guns, by means of the rolling process, must stop at about

12-pounders, or a caliber of 4'62 inches.

268. Wrought-iron guns, up to 6-pounders, indeed, may be successfully pro-

duced almost by any process of careful forging by hand, with good iron, as the

beautiful little Turkish guns, forged at Erzeroum, in the Exhibition of 1851, well

showed ; and others, made more than thirty years since, by the author's father,

carrying 3 lbs. lead spherical shot, for the boat use of the Coast-guard Service,
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from designs by Capt. Pottinger, E.I.C.S., and which were probably the very

earliest British successful attempts in producing forged cannon in one piece, fired

by a lock. The chambered breeches of these guns were of soft steel, screwed

into the chase ; they were fired by a lock, united with a prolongation of the

breech, which ended in a sort of pistol-formed directing handle, and being

beautifully balanced on trunnions and a vertical spindle, were directed and

fired, from the bow of a boat, by one hand and finger on the trigger, with the

facility and accuracy of a shoulder rifle, so that an object in rapid motion could

be followed and struck, almost as a sportsman follows a bird upon the wing.

Some of these guns were rifled, and the range of all, from the small windage and

the density of the lead shot, was surprising, and their practice extremely accu-

rate. With the adoption of the Minie form of shot in hardened lead, it can

scarcely be doubted that the use of wrought-iron guns of this form, for light

horse artillery, would confer a celerity of movement and of practice, combined

with range and power, that would be of the highest value in many instances,

and more particularly against a mobile and numerous cavalry.

269. To return from this digression,—the capabilities of the rolling process

for producing tubes of wrought-iron, of enormous strength in relation to thick-

ness, are well known now to mechanical engineers, since the introduction, some

years ago, of the patent process of welding wrought-iron tubes, by rolling at a

welding heat, upon a maundrell, either a single, or two flat and equal strips of

boiler-plate, which thus become united at the edges by one or by two longitu-

dinal welds. This constitutes the process of the Birmingham Patent Tube

Company, whose tubes are extensively used for steam-boilers and many other

purposes all over the world.

270. No series of accurate or comprehensive experiments has yet been made

as to the relations between diameter, thickness, and strength of these, or indeed

any other, tubes, though much to be desired. The author has, however, been

obligingly furnished with some results of experiments made specially for him,

by the proprietors of these works, of which a few are subjoined, and which

prove the enormous resisting powers of these tubes to internal pressure, applied

by water, in a very striking manner. (Note U.)
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Table XVUI.

Experiments on the Strength of Wrought-Iron Tubes.

Internal
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previous mode of manufacturing wrought-iron artillery. The molecular condi.

tion of the iron and its coefficients of strength would not become impaired, until

after a thickness of from 2 to 3 inches of metal had been reached.

The problem, therefore, seems within easy reach, as respects small calibers,

and these would be the materials from which to form a wrought-iron field artil-

lery. (Note V. ) But the question remains, how are all the larger and heavier, and,

perhaps, much more important calibers, to be safely produced in wrought-iron ?

Here, production in single masses seems nearly impracticable, even if our

machinery of production were increased to the magnitude and power, requisite

to enable rolled masses of the necessary size to be attained ; for the length of

time alone indispensable, to both the heating and the cooling of those huge

pieces, inevitably results in changes of molecular structure of an injurious

character (chap. 23) to the metal.

272. We are, therefore, limited to the use of such forms and such dimen-

sions of iron as can be rolled with determinate direction of fibre, and of such

dimensions, as shall be heated and cooled with the required rapidity.

The larger calibers of wrought-iron ordnance must, therefore, be built up

in separate pieces, and in such a manner, that the tangential, and the longitu-

dinal stretching strains, shall be resisted, each by masses, whose directions of

fibre (or crystals), and therefore whose maximum elastic extension shall coin-

cide with these directions respectively.

We are now to analyze these forces, and

consider how this combination may be effected,

and whether the necessity of combining a num-

ber of separate pieces to form the whole body

of the gun is attended with advantage or disad-

vantage to its materials, in resisting the forces

produced by the explosion of the charge.

273. Let the shaded portion a,/, d, be the

transverse section, and a unit in length, of a

gun formed in one mass. The pressure of the

elastic fluids of the explosion, acting upon ^'s- '

the interior of the cylinder, is resolved in at least three distinct directions of

forces acting upon or within the metal of the gun, and tending to produce as

many distinct distortions.
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1°. A tangential pressure producing a splitting strain, in extension,

perpendicular to the radius.

2°. A compression of the metal in the direction of the radius, which adds

to the extension due to the tangential strain, and is greatest at the

interior surface, g, p, d.

S'. A longitudinal strain producing extension, parallel to the axis, and

nearly equal for any part of the same transverse section of metal.

Both the latter forces tend to increase the effective energy of the

first.

The measure of tension at the interior circumference, is the pressure per

square inch, times g, d. But, in accordance with Hooke's law, ut tensio sic vis,

the resistance opposed to this pressure, by the extensible and compressible

elastic metal, is proportionate to the pressure, which is greater for the interior

lamina of metal than for any other further removed from the axis. The metal,

therefore, of the interior of the gun is the most stretched, and the resistance

afforded by any two successive laminaj, whose distances from the axis are D'

and D, are as D- to D'^.

The exterior portions of the solid thickness of the gun bear proportionably,

therefore, but a very small share of the strain from the exploded charge.

Were the nature of the material by possibility such, that its measure of

tenacity were accompanied either by infinite extensibility, or by none at all,

then the measure of resistance would be the same for each successive, indefi-

nitely thin lamina, and would be simply equal to the entire cross section of

metal, or to twice p, f.

274. The limit, therefore, at which no addition of thickness to the exterior

of a gun adds anything to its resisting power, is reached as soon as the maxi-

mum pressure per square inch upon the interior equals the resistance of its metal

at the point of rupture, for at this point the interior lamince tear asunder, while

those exterior to them remain whole, to be in succession ruptured by a further

application of pressure, which now acts with a greater moment, because upon

a greater internal diameter, by the depth of the rent opened, added to the caliber.

This result is indicated by every formula proposed for the resistance of cylin-

ders underpressure.

e - -~ Morin. ( 1

)
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at which any further addition of metal will be iiseless, will be sooner reached

with a gun of cast-steel, than of any other applicable material—a deduction

full of important considerations, as respects the use of this supposed valuable

metal for artillery.

277. Professor Barlow, in common with other investigators, assumes the

gun to part in two, at opposite ends of a diameter, at the same moment. This

is seldom, if ever, the case in reality, as we have seen (sections 7, 8) that in

practice, one part or other, is slightly defective, or weaker in some way, and

that fracture begins and takes place from one side ; for example, from D, the gun

opening out and turning out round a point -4, as a fulcrum, at the opposite side

and very near the exterior surface.

There is, therefore, a moment to the forces of pressure and of resistance,

the former being Dx x Ac, and the latter ct x AD ; but this does not alter the

condition upon which the limit of rupture depends ; for if a farther thickness

be added to the gun, so that its external surface reaches the dotted line BF,
increasing its thickness fi'om / to F, the relation of the moments is un-

changed, or

.4c -.bc-.-.AD: bE,

with some slight change, however, in the position relatively, both of the centres

of resistant effort D and E, and of the fulcra of rotation A and b.

278. Let us, hoAvever, now suppose a new condition. Let it be assumed

that the caliber of the gun, g, d, continues the same, and the maximum pressure

per square inch likewise, that the annular shaded space between the circles

A, / and g, p, were filled up with some perfectly hard substance, possessing

perfect mobility of its particles (as if it were filled with a fluid, for example,

which could be confined so as not to flow away), and that outside this, between

the circle a, /, and the dotted circle b, f, the annular space, represented the

section of a surrounding cylinder, of the same material as the gun was made of

before.

The eflective resistance now produced by the square inch of metal is con-

siderably increased, merely by removing it further from the axis, and interpos-

ing the thickness 2^, f oi inert material ; for the internal pressure per square

inch remains the same as before, but its energy to extend the metal is reduced

in the ratio of A, D : b, e.

I



involved in the Construction of Artillery. 287

Fig. 2.

279. Again let ^, d, Fig. 2, be the caliber of the gun, as before, and ^, a its

thickness, and let us assume this divided into a number of separate, closely

fitting concentric cylinders, 1, 2, 3, 4, 5, 6. Let

e or D be the middle point between the external

and internal surfaces of the gun, and let us sup-

pose that from the interior cylinder 6 to the

exterior 1, these have been in succession so su- _
perimposed, that the three interior cylinders 4, 5,

and 6, are in a state of compression, while the

three external ones, 1, 2, and 3, are in a state of

extension, each set re-acting upon the other in

virtue of the elasticity of the material, just like so

many extended rings of Indian rubber, tightly grasping round the same number

of already compressed hollow cylinders, of the same material. In this state of

things, let us suppose pressure applied to the interior of the gun by discharge.

Its first effect is to act upon the internal compressed cylinders in succession,

which are in the state of so many compressed springs, and to relax their com-

pression by extending their circumferences until they have successively reached

their respective normal lengths, of uncompressed molecular equilibrium ; but

in doing this (as all the rings are absolutely in contact), a certain amount of

extension has been necessarily produced upon the three outer rings, which are

now in the condition of springs before slightly, and now still more, extended.

At this moment the elastic forces of the three internal rings begin to react

upon the pressure, as effective resistances to extension also, and the state of

things is such that the whole section of the metal of the gun, represented by

the six rings, has got into a state of equable extension, and offers effective resist-

ance to the pressure. But, although the interior rings are, as always must

happen, subjected to the greatest pressure per square inch of their circumfe-

rences, they are not in this case the most extended, or extended in proportion

to the intensity of the pressure, because we commenced applying the pressure

to them, while they were in a state of compression.

280. We have thus been able in some degree to equalize the extension of the

three exterior and of the three interior cylinders ; but if we had been able in the

first instance to cause each successive cylinder to grasp and compress the pre-

2p2
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cedinc ones within it, with a force inversely proportionate, to that with which it

will be afterwards extended, we should have attained, at a certain pressure, a

perfectly equal extension for all the successive cylinders, so that their united

resistances might be considered as centered in the middle point e or d, and hence

that the whole section of metal due to the gun's thickness from gio a would be

equally effective, in resisting the internal pressure, as though its resolved forces,

produced a straight pull on the tangent at e, perpendicular to a, d, and that the

metal of the gun were a straight bar, of the breadth a, ^, and unit of depth,

resisting in the opposite direction, but in the same line. That this should be

perfectly true theoretically, the number of successive cylinders must be

infinite, or the thickness of each infinitely small, in which case it may be shown

that for a given total thickness of gun, the strength of that divided into suc-

cessive annular laminas will be increased, over that whose thickness is in one

solid annulus, in the ratio of

B'-D" D'^'-D'"'

D" ' D^+W
jy being the external and D" the internal diameter of the gun. For any prac-

tical purpose, however, it is sufficient to divide the total thickness, into six or

eight parts ; and the requisite compressions of the internal cylinders by the ex-

tension of the external ones, may be practically and readily produced, by shrink-

ing them on upon each other, at high temperatures, in the way that wheel tyres

are shrunk-on ; to effect tliis in practice the length of the external cylinders must

be not very great.

281. Lastly, combining all that we have said of

Fig. 1 and Fig. 2,—if as in Fig. 3, g, d be as before

the caliber of the gun ; that we interpose a certain

annular thickness g, h, of merely hard inert ma-

terial, such as a number of longitudinal prismatic

bars of metal, parallel to the axis of the gun, and

forming a cylinder of equal voussoirs, and grasp

these externally, by a set of successive closely

fitting cylinders, whose total thickness is A, b, and

of which the inner half of their total number (3

and 4) is in a state of compression, while the outer half (1 and 2) is in a state
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of extension :—we have a state of things in which the total section of resisting

material, a, 6, shall be operative against the internal pressure, to the highest

possible advantage, for

—

1°. We have reduced the moment of strain per square inch of the metal

oi all the cylinders, 1, 2, 3, 4, by removing them further out from

c, the axis.

T. We have equalized the extension, in relation to the maximum pres-

siure, upon all parts of the metal from b to a, so that, it all re-acts

alike, with an equable strain, and as though subjected to an ordinary

straight pull.

282. We have now arrived, therefore, at a built-up gun of wrought-iron, in

which the ex-ternal cylinders, ^ , i, as they cannot practically be superimposed

and closely fitted, in the required conditions, if consisting each of a single piece

equal to the whole length of the gun, must consist of a number of compara-

tively short rings, applied end to end. The longitudinal strains due to the

projection of the ball or to the recoil, as well as to the coherence of the whole

together, must, however, be provided for, and for this the internal longitudinal

voussoir prisms, g, b, are efficient; or a cylinder in one piece may (if not too

thick) be substituted for these voussoirs.

A gun or mortar thus formed will consist of one or more plies of longitu-

dinal bars extending the whole length of the gun, and fitting closely at the

edges, forming by their internal surfaces (when together), the cylindric cavity

of the chase, upon which a number of circular rings will be closely fitted by

shrinking-on, at a suitable heat; and upon these again, other rings (breaking

joint of the abutting edges), until the necessary strength be reached. Various

modes of closing the breech end are practicable; but into these or other

questions of merely operative detail, it is not my purpose here to enter, as we

are dealing with principles, though not losing sight of practice. The theory of

the strength of guns thus built up, and the methods of calculating their propor-

tions, will be found in Note W. Some subsidiary questions remain to be here

considered.

283. In guns thus constructed, the whole of the normal bursting strains are

sustained by the external rings,—their total strength having been determined for

the maximum pressure per square inch, regard being had to the proper limited
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value of 2, for often repeated, impulsive strains, as derived from sect. 110; the

strain upon the internal longitudinal bars will be derived from equations

6 and 7, sect. 91, and from the principles enunciated in chapters 18 and 31
;

and hence the total transverse section of these bars, all of which are strained

alike.

284. The relation between the longitudinal and the tangential strains, for a

given internal maximum pressure, depends upon the thickness of the portion

of the gun resisting the latter, and upon the caliber.

D' — D"
From equations 1 and 2, e =

, (65)

If we assume such a length of the gun in the line of the axis J, that

i>'7 =
7rO"=

4

kD"
and hence I = —r—. (66)

The strains, both longitudinal and tangential, upon this segment of the length

of gun shall be equal in amount.

But the forces to resist these separately, are proportional to the total section

of metal in the transverse section of the gun, and in its longitudinal section

due to the length I; and these are

^ (i)'2 - D"') = Tre (D" + e), and (67)

2fe = '^, (68)

which bear to each other the ratio of

D" f e
i»" + e:i^orof2(^l+ -^

or of 2 + —
jy,
— : 1;

and this is the proportion that the total resisting power of the external rings

must bear to that of the internal longitudinal bars at a minimum ; but, for the

purposes of reducing the maximum strain upon the former, by removing them

further from the axis, it will often be convenient and advantageous to give a
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greater thickness to the voussoir bars, or to the single cylindric tube which

may constitute the interior of the chase of the gun.

285. In guns cast or forged soHdly, of one piece, and of the usual propor-

tion of one caliber in thickness,

e^D"
and

D' = ?, D"

and the areas of resistance on the length I, are as 4 : 1, which is the ratio of

the tendency to longitudinal rupture, to that for transverse rupture, in guns of

the established models.

286. It is indispensable, that the radial joints between the voussoir bars, be

made originally closely fitting, and that the total extension of the external rings,

at the moment ofmaximum pressure, be not such, as shall sensibly open them, so

as to admit the momentary pressure of the elastic gases of the powder between;

if this happen, it is practically the same thing as if the caliber of the gun were,

for the instant, enlarged by an increase of diameter, equal to twice the thickness

of the longitudinal bars, and the bursting strain may be thus greatly increased,

in the same way, as fracture, once begun in the interior of a solid cast gun, adds

its own depth to the diameter of the piece, as affected by the bursting strain

(sects. 3 and 4, and Note X). This may be best secured by dividing the internal

longitudinal bars into two equal thicknesses, one within the other, breaking

joint longitudinally, so as to diminish the radial depth of the abutting joints of

the innermost bars, which alone in this case can receive any pressure from the

explosion.

287. Thus arranged, and with a properly proportioned strength of gun, this

difficulty may be fully provided against ; for example, in a 10-inch gun, thus

made, assuming the mean circumference of the external shrunk-on rings to be a

little more than 6 feet, their total extension at the instant of its maximum (which

will be after that of maximum pressure) should not exceed q^Xhj of their total

length, = -012 of an inch ; and supposing the whole circumference divided into

15 equal voussoirs, or bars, the extent of opening for the instant between each

would be '0008 of an inch, less the lateral extension of each voussoir, produced

by their compression in the normal, under the force. This will probably be about
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one-third as much, leaving the opening at the instant between one voussoir and

the nest only '00027 of an inch. The amount of opening, therefore, would be

so evanescent, as to preclude the transference of any elastic pressure, into tan-

gential force, between the joints. Mechanical engineers, best competent to

judge of the question, will not hesitate to admit, that with the accuracy and

power of precise repetition of similar regular forms, which we now possess, in

the lathe and planing machine in their several modifications, no real difficulty

exists to the perfect formation, and scrupulously exact fitment, of these longitu-

dinal bars and external rings, at a very moderate cost. Indeed, Mr. Whitworth

has already actually accomplished incomparably more difiicult forms and fittings,

in the internal longitudinal shell, and external rings, of his patent rifled cannon

;

which, in the principles of its design, however, differs altogether from that of

the construction here proposed, inasmuch as the interior longitudinal shell of

his gun is formed in three pieces of a single thickness each, and his external

rings are also in a single ply or thickness, by which the entire advantage of

their separation into laminte, which would nearly double the strength of the

gun, is lost.

288. Solid reinforce rings, indeed, have been repeatedly proposed, and fre-

quently applied to various projects or forms of cannon, but the author believes

that the peculiar advantages of their application in thin concentric lamince, the

internal ones ofwhich shall be compressed, by an initial extension, of the external

ones, has never before been distinctly pointed out, and their adoption proposed

and urged ; the essential and radical distinction being this, that by no arrange-

ment or variation of design, can a gun be formed in a single ply of rings whose

strength to sustain an internal pressure shall be greater than the cohesive power

of the material per square inch of section ; whereas, by the subdivision of the

rings into a number of superimposed plies, each compressing those within it,

the strength of the gun may be increased so as to bear an internal pressure,

any required number of times greater than the ultimate cohesive power of the

material ; in fact, may be increased ad infinitum.

289. The investigation (in Note Y) may appear to render the operation of

shriukiug-on the subdivided rings in succession, a very delicate and difficult one

;

and so it would be, were it in practice necessary to take any very precise ac-

count ofthe temperature at which each ring is to be placed upon the previous one;
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but, as has been already remarked (chap. 10), all writers on Physics have copied

each other in the error of inexact physical conception involved in equation 3,

sect. 88, which properly applies only to absolutely rigid and perfectly elastic

solids, to which even iron in its cold state only approximates. Iron softened,

and rendered ductile, by a high temperature, however, is no longer in the same

condition.

290. For example, the contraction of a wrought-iron bar of an inch square

is about -j-oJuro of its length for a change of temperature of 15° Fahr., and a

mechanical strain of one ton produces about a like extension ; and this C9ntinues

nearly true for both, throughout whatever range of temperature and of strain,

while the molecular structure of the bar remains the same ; but if the bar be

heated 900°, or 60 x 15°, it will expand, and in cooling again contract, through

rather a greater range than yo'-Suu °^ i'^ length
;
yet it does not follow, that

after its cooling and contraction, a strain of 60 tons will remain upon the bar

at its extremities, if their approach be prevented: it is impossible,—for the total

power of the bar (1 inch square) to resist rupture, is only from 14 to 30 tons,

at most.

291. What, then, does happen ? The bar, heated until its molecular condi-

tion is altered, and part of its rigidity gone, and replaced, by a new state of duc-

tility and softness, amounting in the extreme case almost to plasticity, is no longer

in a condition to transmit the force of its own contraction, and the latter is

expended, not in labouring force at the extremities, but in work done in elon-

gating the bar itself, whose length becomes permanently increased, and in

altering its form, and the effort finally expended upon the extremities, is only

the residual strain., or difference between the total force of contraction, and that

already expended in altering the length (and with it the other dimensions) of

the bar. Thus, the experiments of the Franklin Institute upon the tenacity of

wrought-iron at various temperatures proved that

—

At 800° to 900° Fahr J
1050° „ 4
1240° „ I
1317° „ T^j

of the maximum tenacity of the metal, at ordinary atmospheric temperatures,

were destroyed ; while at 3945°, its fusing point, according to Clement and

VOL. xxni. 2 Q
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Desormes, its tenacity sinks to zero. So that, if we take the normal strain of

rupture, for good wrought-iron, at 24 tons per square inch, the proportion in

which the total contractile force is divided, between contractile strain at the

extremities after cooling, and elongation of the bar previously, is

—

Temperature.
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wrought-iron certainly undergoes a sudden change, and the rapidity of increase

of the rigidity of approaching coldness, is such, that the mechanical strain

brought upon the metal, is likely to produce rupture, for the heat is sufficient

to diminish the tenacity of the material, though not to much increase its

ductility. Rings shrunk-on upon each other, therefore, at temperatures under

1100° Fahr. should be placed in an annealing oven, to cool with greater slow-

ness. The best practice, however, will be, to shrink-on every ring upon the

preceding (with the necessary allowance for external and internal diameter), at

a full red heat, say from 1200° to 1300° Fahr., in which case, the metal may be

safely permitted to cool at the ordinary rate in air, or may be even suddenly

cooled by plunging into water, without danger of rupture.

294. It does not admit of question, that this general method of construction,

for cylinders exposed to great internal pressm'e, admits, from its practical faci-

lity of execution, of numerous other valuable applications, as well as to guns

;

for example, to the cylinders of hydraulic presses, for which wrought-iron, thus

applied, would afford a valuable, trustworthy, and economical substitute for

cast-iron, which the history of the Britannia and Conway Bridges, and many

other instances, have proved so impossible to rely upon.

295. It has been stated that wrought-iron rings, thus shrunk-on at a suffi-

ciently elevated temperature, may be cooled suddenly with impunity. Such is,

in fact, the general practice with mechanical engineers in shrinking-on the tyres

of the wheels of locomotive engines, and of other railway wheels ; and for these

purposes, provided a safe amount of tenacity remain in the tyre to provide against

the effects of centrifugal force, and of accidental blows and strains, the harder

and less extensible the tyre the better (although some lamentable accidents in

the flying off of driving-wheel tyres prove that this is not always insured),—but

for application to the construction of artillery, it is never to be commended.

The value of a long range of extensibility, in the material for ordnance, has been

already fully proved. Wrought-iron will be brought into use for this purpose

to the most advantage, when we preserve this the greatest—when, in fact, it is in a

state, presenting the yielding extensibility of gun-metal, in combination with

the resilience and higher tenacity, which are its own. These constitute the real

merits of wrought-iron, as a material for ordnance, and it shares them in no

respect with steel, or with any other known material.

2q2
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We shall elicit these properties most fully, when the wrought-iron applied

has been slowly cooled—in other words, has been annealed; and this neces-

sarily happens, when the shrunk-on rings are permitted to cool slowly, while,

(with many classes of hard "steely iron," like the Swedish, if suddenly cooled,

an approach, more or less complete, is made) to the brittle and dangerous con-

dition of hardened and untempered steel.

34.

—

Of the Relations between Annealing and Tenacity.

296. It will be desirable, therefore, to make some remarks on the subject

of annealing wrought-iron,—one upon which our experimental information is

deplorably deficient.

That the condensation, produced by "hammer-hardening," and, still more,

the longitudinal arrangement of crystal induced by lamination, rolling, and wire-

drawing, considerably increase the longitudinal tenacity of iron, copper, and

several of the alloys of the latter, is certain. The evidence of it is most remark-

able in the case of fine brass wire, which, when hard from the draw-plate, closely

approaches wrought-iron in tenacity, resisting, according to Baudrimont, to

87,000 lbs. per square inch. On the other hand, that " annealing" is attended

with a greater or less loss of tenacity, appears to admit of little doubt ; but

to what extent this loss reaches, in proportion to the temperature, &c., still re-

quires additional experimental investigation ; for the experiments hitherto made,

appear only to have had regard to the absolute final force required for rupture,

and to have taken no note of the increased range of extension, induced by the

annealing. Yet, upon both of these, the " work done" in producing rupture

depends, and it may not improbably be ultimately found, that the coefficient

Tr, is not altered at all by annealing, but is, for the same iron or other metal,

a constant, only changeable in the ratio of the factors whose product it is.

297. Even the temperature at which that change of molecular condition

which constitutes perfect annealing, takes place, remains yet to be determined,

for every metal. There seems to be, at least, a fixed and rather narrow range

of temperature, for every metal, without the limits of which annealing does

not take place, and the mean temperature within this range appears to be more

elevated in proportion as the metal itself has a higher fusing temperature.

Thus platina, after lamination or wire-drawing, is not annealed, under an
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intense white heat; wrought-iron is perfectly annealed at a clear bright red

(about 1200° Fahr., according to the experiments of the Franklin Institute)

;

copper anneals perfectly at a very low red heat, scarcely visible in clear day-

light; and zinc at a still lower temperature. Some metals, of very low fusing

points, such as lead and tin, probably owe their apparent incapability of

becoming hardened by lamination or wiredrawing, to their anneahng tempe-

ratures being so low, that the heat evolved in the process, is sufficient to anneal

them, i. e. to prevent that change in the mutual relations of the particles,

whether one of distance or of position, upon which hardening depends.

A rich reward awaits the physicist who, in a comprehensive manner, shall

first, experimentally, attack the question of the molecular changes produced by

hardening and annealing ; it has been as yet almost unattempted. As respects

the material with which we are immediately engaged,—wrought-iron,—Baudri-

mont, in a very valuable paper ("Ann. de Chim. et Phys.," t. ix.), appears to

have ascertained, that a temperature above that of " cherry red," perhaps, about

1150° Fahr., is necessary for annealing it ;—that at a white heat it is almost

instantly annealed, and at the same time suiTers more or less a change of crys-

talline structure ;—and that a certain amount of tenacity is lost by annealing

platinum, iron, copper, and some of its alloys.

298. The changes in volume, or density, induced by mechanical pressure,

and by annealing of the same wrought-iron, he found, by some delicately con-

ducted experiments, as follows:

—

Specific Gravity.

Iron wire compressed by the draw-plate, . 7'6305

„ annealed, 7-6000

Iron laminated, 77169

The same, annealed, 7-6000

„ laminated a second time, .... 7-7312

„ hammer-hardened, 7-7433

His results for copper, which probably, judging from Dussausoy's results,

would approximately apply to gun-metal, are as follow:

—

Copper, fused and cooled slowly, . . . . 8-4525

„ compressed by the draw-plate, . . 8-6225

„ annealed, 8-3912

y
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Copper, laminated, 84931

The same, annealed, 8'4525

„ laminated a second time, . . . .
8 '47 19

„ hammer-hardened 8-5079

The volume, thus, is sensibly increased by annealing, presenting in this a

remarkable opposition of fact to steel, whose volume is increased by hardening

on sudden cooling.

299. The experiments made by the Franklin Institute, and forming part

of its Report on the Strength of IMaterials for Steam-boilers, to the American

Government (1831-1837), although, perhaps, the only systematic ones made,

present results so discordant as scarcely to admit of confidence.

It would follow from them, that, in round numbers, wrought-iron, whose

strength before being annealed was 53000 lbs. per square inch, becomes

46000 lbs. per square inch after annealing.

They conclude, that the diminution of tenacity is nearly in proportion to the

elevation of temperature of annealing, but " were not able to detect any essen-

tial change of specific gravity," before and after ; they add, that " in some

cases the difference between the strength previous to annealing, and that exhi-

bited afterwards was so small, that it was difiicult to refer it to any other cause

than the original inequalities of structure. These experiments merely related

to the force of ultimate rupture, and as no measurements of extension appear

to have been made for hard or annealed bars, or at high temperatures, it is im-

possible to compare the " work done" on the rupture of the same bar in the

several conditions. This renders these otherwise careful and elaborate expe-

riments of very little value. A few comparable results (on wires) are con-

tained in a paper by M. Payen (Ann. des Mines, t. vi. 3me ser.) :
—"De la

puissance mecanique consomme par le tirage a froid des fils," &c. An iron wire

having been passed several times through the draw-plate, of one millimetre in

diameter, broke with 52 kilogrammes ; having been only once passed through

the plate, it broke with 40 kilogrammes ; and having been annealed, it broke

with 30 kilogrammes.

300. The elongation at rupture, in the first case, while quite hard, was only

0'"-004
; after annealing, it was 0"'-200 at rupture. The diameter of the wire

increases by annealing 0-055. If we attempt to test this by the " work done" to
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produce rupture, we find that although the strain is so much less on the

annealed wire, the work done to produce elongation and rupture is far greater

in it, than in the hard wire:

—

Hard, . . ^ (52 X 0-004) = 0-104,

Annealed, . H^O x 0-200) = 3-000,

or in the proportion of nearly 29: 1,—a result, which, if even approximately

correct, gives abundant corroboration of the views herein enunciated as to the

value of soft and ductile wrought-iron for artillery. A paper of Baudrimont's,

on the diminution of tenacity due to annealing (Ann. de Chim. etPhys., t. 60,

p. 78), is deserving of attention here.

35.

—

Of Trunnions or other Fulcra^ in Belation to Built-up Guns.

301. In the attempts heretofore made (in modern times), to construct built-

up -wrought-iron guns in single-ply rings, trunnions have been formed, attached

to one of the rings, and the gun has been mounted as much as possible in the

ordinary way. It has been already shown (chap. 31) that every gun, whether

solid or built up, is weakened by this mode of mounting, but when applied to

built-up guns in rings, its effects are fatal ; the recoil at every discharge tends

to dislocate the rings from each other, and to move them relatively forward

upon the internal longitudinal bars ; a circumstance that has actually produced

the destruction of some such guns tried at Woolwich.

302. Wrought-iron built-up guns of large size should, therefore, for every

reason, be so mounted, that the whole force of the recoil should be expended

upon a fulcrum placed directly in the line of the axis, and behind the breech,

much in the same way as the ancient wrought-iron cannon (bombards, serpen-

tines, and chamber pieces) were mounted (Note A), and that this can be done

with perfect facility, and without sacrifice of any of the requirements or advan-

tages of the usual method of mid-length trunnions, probably no competent artil-

lerist or mechanical engineer will be found to doubt ; although, because a devia-

tion from the " routine" of some centuries, any such arrangement is certain to

meet with opposition in the first instance,—in fact, so far from the abandonment

of trunnions being a disadvantage, it would be attended with the immense ad-
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vantage of giving facilities for the absorption of recoil by means of elastic mate-

rial, pressed upon by the breech of the gun, instead of by the crude expedient

of mere mass in the gun itself, and thus would permit portability in the guns,

and lightness in the carriages, more especially of garrison guns, and other less

obvious advantages, not otherwise attainable. This method of dispensing with

trunnions, and still permitting elevation and depression of the gun with facility,

was actually carried out, with great mechanical skill, in the ancient Serpentine

described in Note A.

303. To recapitulate :—The advantages, then, which the method now pro-

posed offers, for the construction of built-up artillery, of wrought-iron, are, as

respects the material itself :

—

1°. The iron constituting the integrant parts, is all in moderate-sized,

straight, prismatic pieces, formed of rolled bars only ; hence, with

its fibre all longitudinal, perfectly uniform, and its extensibility

the greatest possible, and in the same direction in which it is to

be strained; it is, therefore, a better material than any forged iron

can by possibility be made.

2". The limitation of manufacture of the iron, thus, to rolling, and the

dispensing with all massive forgings, insures absolute soundness

and uniformity of properties in the material.

3°. The limited size of each integrant part, and the mode of preparation

and combination, afibrd unavoidable tests of soundness and of

perfect workmanship, step by step, for every portion of the whole

;

unknown or wilfully concealed defects are impossible.

4°. Facilitj' of execution by ordinary tools, and under easily obtained

conditions, and without the necessity either for peculiarly skilled

labour, on the part of " heavy forgemen," or for steam or other

hammers, &c., of unusual power and very doubtful utility ; and

hence, very considerable reduction in cost, as compared with

wrought-iron artillery forged in mass.

5°. Facility of transport by reduction of weight, as compared with solid

gims of the same or of any other known material.

304. And, as respects the mode of application,

—

6°. A better material than massive forged iron is much more scientifi-
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cally and advantageously applied,— the same section of iron doing

much more resisting work, as applied in the gun built up in com-

pressed and extended plies, than in any solid or other gun.

7°. The introduction thus into cannon, of a principle of elasticity, or

rather of elastic range (as in a carriage-spring divided into a

number of superimposed leaves), greater than that due to the

modulus of elasticity of the material itself, and so acting, by dis-

tribution of the maximum effort of the explosion, upon the rings

successively recipient of the strain, during the time of the ball's

traject through the chase, as materially to relieve its effects upon

the gun.

In a word, we secure better material, and apply it better in place. It is

upon these principles that the author has designed for Government the great

36-inch mortars, to throw a shell of a yard in diameter, and weighing in flight

above 3000 pounds, which are now in process of manufacture.

305. In conclusion, it will be desirable to offer some remarks, in refutation

of the principal objections that have been made, or most obviously present

themselves, to wrought-iron guns generally, and to built-up guns, or those

formed in several separate pieces, in particular.

These are pretty fully enumerated in the extracts from Reports made to the

American Government on wrought-iron guns (Note Z) ; and refer either to

—

1°. Difficulties and uncertainties of manufacture, weldings, &c., common

to all large forgings. These we fully admit, and, in what precedes,

propose altogether to evade, by another and a better method of

construction, which dispenses with large forgings. The special

modes of failure and their causes, which many of the largest and

most recent cases of proof of heavy wrought-iron guns forged in

one piece have presented, are recited in Note AA.
2°. That all that can be gained by the use of wrought-iron for guns is

comprised in lightness and strength ; that the former is, in fact,

not desirable, because, unless the weight is, in field guns, to that

of the shot, at least as 140 : 1, and in battering guns as 200 : 1;

—

the recoil is too great, and is inconvenient. This objection rests

VOL. XXIII. 2 u
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wholly upon the assumption, that there is no other possible mode

of absorbing recoil, except by the crude expedient of mass in the

gun ; and loses sight of the many important advantages which

lightness can confer, taken in just connexion with all other rela-

tions (Note BB) ; nor is it an inevitable consequence of increased

strength of material, that in every case the weight shall be reduced

in the inverse proportion.

3". That a given number of rounds produces a greater enlargement of

bore, in the ratio of nearly 2:1, than in gun-metal, and hence

uncertainty of range, aim, &c. This result, deduced from the

utterly insufficient data of one set of experiments with a 6-pounder,

is merely a misstatement as to the general fact, as the preceding

pages have probably sufficiently proved.

4^ That from want of hardness in wrought-iron, as compared with

cast-iron and gun-metal, a seriously objectionable amount of rifling

and ballotage, or pitting, from the passage of the shot, is to be

expected, and, therefore, from this and the following cause, a

defect of durability. This also is contrary to all the facts of the

case. Wrought-iron is much harder than gun-metal in resisting

abrasion, as the fact known to every one, that the gun-metal

bearings of axles, such as those of railway carriages, wear much

faster than the wrought-iron axle proves ; they are for this very

reason, made of gun-metal, to save the wear of the axle at their

expense. Cavallo's experiments (Nat. Phil. vol. ii. p. 147) also

prove this directly. As respects cast-iron, the difference is almost

inappreciable between cast-iron best fitted for guns, and wrought-

iron, and in favour of the latter in too many instances from the

undue softness and friability of the cast-iron employed.

36.

—

Particular Conditions of Wear of Guns in Service.

306. The wear in service of every gun is made up of the riffing out of the

whole length of the chase by the passage of the shot, and of the ballotage, or

pitting, produced by the stroke of the shot, which, for shot of the same caliber
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and velocity, will be inversely proportionate to the hardness of the material of

the gun.

In this respect cast-iron can offer but very slight pretensions, if any, over

wrought-iron, while both are immeasurably superior to bronze, and steel to all

of them.

307. A third condition of wear, different from either, has been ascertained

by careful examination of the heavy guns of the United States Government,

known as Columbiads, after sustained firing, and is both novel and interesting.

It was found that a considerable enlargement of bore took place, all upon

the upper part of the interior of the chase, just above, and in advance of, the

position of the shot, when rammed home.

The greatest enlargement being at about an inch in front of the centre of

the shot, and extending as far as three or four inches forward of that point ; the

surface of the bore here was cut into ridges and furrows, while the opposite

side, under the ball, for three or four inches in length, was smoothed and bur-

nished as if the shot had rubbed forcibly over it.

The explanation of this is very instructive. The ball, rammed home, and

resting on the lower side of the chase, leaves the whole of the windage open,

as a lunaric area, greatest at the upper side, as in diagram, sect. 77. At the

moment of explosion, and before the ball's inertia has been overcome, so that

it begins to move, as well as during the first instant of its motion, the flame,

and perhaps some unignited portions of the powder, are driven out through this

lunaric aperture, and past the ball, with enormous force and velocity, both

almost reaching the possible maximum, for fired powder. This tremendous

blow-pipe, acts upon the interior of the bore at each discharge, precisely in the

same way as the issue from the vent, acts in enlarging it, in cast-iron guns,

burning away the graphite first, as the most ignitible material, and then burn-

ing and blowing away, as oxides and sulphurets, the intervening finely divided

fragments of the iron itself

308. The wear is not uniform, but in ridges and furrows, and for precisely

the same reason that the enlargements of the vents, of which numbers have

been accurately figured (see "Experiences faiths a Gavre, en 1836, sur les

Bouches a Feu," &c., Paris, 1837), are all in irregular curved, triangular or mul-

tiangular forms.

2e 2
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The first particles of graphite removed, produce a slightly increased area of

passage at one place, which results in a greater velocity of the issuing flame

and gases at this place of greater area, (on the known principles of Pneuma-

dynamics) ; but the greater velocity here, produces again a greater proportionate

wear and abrasion ; hence, the moment the cylindrical figure of symmetry, is

once lost, the tendency to produce irregularity of section is constantly aggran-

dized up to a very wide limit, when, at a wr?/ large section of aperture, the wear

all round would again tend to return to uniformity, with a certain constant of

surface irregularity, dependent upon the degree of heterogeneity of the material.

This stelliform cutting away of the cast-iron, at the vents of the Columbiads,

and other large guns, was found after 300 rounds (8-in. guns) to exceed an

inch in diameter from point to point, and after 600 rounds could not be

embraced by a circle of two inches diameter. In no single respect, is the minute

subdivision of the graphite, and uniformity of testui-e in the cast-iron for guns,

so impoi'tant as in this, and in none would the superiority of wrought-iron be

more manifest.

309. The polish or burnishing of the lower surface of the bore, at the place

of the shot, proves that its rotation, by friction against the chase, does not com-

mence instantly upon its first movement, but that it slides for a short distance

before the frictional grasp of the ball against the bore is able to overcome the

inertia of the shot so as to produce rotation ; and this also indicates, that at

every grazing stroke, afterwards, of the shot against the side of the chase in its

progress towards the muzzle, the mutual friction must be that of rubbing or

sliding, and not that of rolling surfaces ; indeed of rubbing surfaces often, with

proper contrary motions, when the ball has acquired previous rotation. So

that hallotage, is not a wear merely by the grazing stroke of the ball at a very

small angle, condensing and pitting the substance of the gun ; but an actual

abrasion and degradation of its substance, due to rubbing friction at these

points of maximum pressure, carried beyond the limits of endurance of the

metals.

310. These circumstances throw much light upon the great economy in

wear of the chase, produced by the use of the sabots or other solid wads. It is

obvious also from the consideration of all the conditions of wear here pointed

out, that any conclusions as to material for guns derived from tests of hardness
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made by the American methods of trial, viz., by the depth to which a given

prism can be forced by a given weight into the material, must lead to entirely

fallacious results,—uniformity and chemical relation to combustion being as

much elements of wear as hardness.

311. The extent of rifling, or actual scoring away of the metal, at each dis-

charge, for shot of the same caliber and velocity, can only be determined by expe-

riment ; but inasmuch as the mechanical part of the reaction is of the same nature

as that producing mere friction between surfaces, there cannot be much doubt

that the loss of metal at each discharge of cast-iron spherical shot, of equal

calibers and velocities, from guns of the same length, but of diiferent materials,

will by abrasion only, be some function of the coefficient of friction of cast-

iron upon each of these several materials. Now, Morin's experiments, though

not embracing exactly what we require, assign the following values for the

friction of cast-iron, wrought-iron, and bronze, in terms of the pressure, when

in movement on each other :

—

Cast-iron on cast-iron, . . . 0'15

Cast-iron on bronze, .... 0'15

Cast-iron on wrought-iron, . . 0'16

The latter is doubtful, as the wrought-iron appears to have been the moving

body. We have no corresponding results for steel. These figures, then, would

indicate that the loss of material by abrasion only, will not greatly differ in any

of these cases.

312. It may appear, that no analogy holds, between friction in which the

pressure is kept within the limits of sensible abrasion, and that of scoring out

by the rapid shave of a shot in traject; but all friction consists in abrasion, only

reduced in degree, and Morin's experiments proved that the resistance to motion

produced by it varied directly as the pressure, and was wholly independent of

the velocity.

313. It follows, however, that for guns of the same material, and with the

same velocity of shot, the wear from this cause, i. e. the weight of metal shaved

off at each discharge, will increase with the weight of the shot, or as D^ ; while

for different velocities it will vary as F^ upon the accepted principles of vis viva.

With variable charges of powder, and the same shot, the grooving and enlarge-
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ment by combustion and abrasion will be greater as the weight of powder is so,

and will be greater for chambered guns with elongated cartridges, which ignite

more slowly, and hence give a longer period of issuing flame before the shot

moves, than with cylindric bores or quicker igniting powder. The practice

with any recorded example of wrought-iron guns has been scarcely sufficient to

enable proof as to durability to be drawn from it. We have, however, the

following from Major Talcott (Report to the American Minister of War in

1832) upon a wrought-iron 6-pounder, which fired sixty-three rounds with one

shot and 1| lbs. of powder, at Watervleid Arsenal :

—

" The iron seems of good quality, tolerably hard for forged iron, and the

inequalities of the shot have made very little impression upon the bore,—nothing

like the effect that would have been produced upon a brass gun subjected to

the same trial."

The wrought-iron 32-pounder made some years since in one solid piece of

wrought-iron, under the direction of Captain (now Colonel) Simmons, R.E., is

understood to have suffered no perceptible injury in this respect by the practice

carried on with it at Shoeburyness. Whatever this objection to wrought-iron

may be worth, it has certainly been much overstated.

314. The extent oiballotage depends not only upon the material of the gun,

and the other conditions above stated, but upon the amount of windage, which,

as it is greater, allows more play to the shot in its passage, and lets it strike the

sides of the chase alternately at a greater angle. But as wrought-iron guns

have the advantage in point of strength, so the windage may be diminished in

them with safety, and thus, while this evil may be reduced, greater accuracy

of aim, and either longer range or economy of powder, secured.

315. 5°. That the rapid corrodibility of wrought-iron by air and moisture,

and by the residue of the powder, is such, that wrought-iron guns

would rapidly become iinserviceable, through enlargement of the

bore, by mere corrosion. The comparative relations of the four

metals hasbeen already made (Chap. 32, Tables xvl-xvil) on accu-

rate data, and this objection shown to be perfectly groundless.

The degree of corrosion, from any, or all, of these causes, will be

quite the same upon a square inch of surface, of the exterior or
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interior of a musket or fowling-piece, as upon a wrought-iron can-

non ; but who ever heard of either having become enlarged or

destroyed through inevitable corrosion, under circumstances of

ordinary care and cleaning, alike applicable to both ?

Examples are given, in Note A, of wrought-iron guns that have

been exposed to the weather for centuries, and yet are nearly as

serviceable as they ever were.

6°. And lastly, that "wrought-iron guns have been repeatedly attempted

to be made, and have never yet succeeded," therefore, they never

will succeed ; and, in any case, the doubtfulness produced by

" previous failures, as to the safety of any such giui, must produce

a very bad moral effect on the gunners who serve them."

With what fully equal force might this have been brought for-

ward when cast-iron guns were first proposed, made, and gradually

introduced ; and at last have superseded all gun-metal guns for

garrison, naval, and siege use ; although not known, in England

at least, prior to the middle of the sixteenth century, and attended

with many failures, not only at first, but even to this day ; and

how entirely does it ignore the vast changes in metallurgic know-

ledge and manipulative power that have taken place within the

last thirty years, as respects iron.

316. The Special Objections to Wrought-iron Guns, built up ofseparate pieces,

—so far as they have occurred to, or have been heard of by, the author

—

are :

—

1". That the integrant portions of the gun cannot be insured to act

together, or with the required concert of resistance, to the explo-

sion, &c. This appears to be disposed of by what precedes ; in

which it is shown that the very aim and purpose of a gun, built

up in the way proposed, is to produce the certainty of greater con-

cert and unity of reaction of all the parts of the gun against the

discharge, than is physically possible in guns cast or forged in one

solid piece. The dislocations which have been the frequent

results of the very first discharge, from many built-up guns within
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a short time, presented by their projectors for proof at Woolwich,

have arisen in every case from gross ignorance, on the part of their

designers, of the first and most obvious dynamic and other princi-

ples, upon which the arrangement and proportioning of such must

depend.

2°. That the injurious effects of internal local heating, and unequal expan-

sion, must be far more destructive of such guns than of those

formed in a single mass. This is exactly the contrary of the con-

clusion that a just consideration of the properties induced by the

construction, in internal compressed and external extended plies,

warrants, as will be obvious to the mathematical reader of Note

CC and Chaps. 8-14.

3°. That increased, and a highly injurious form of, corrosion may be

expected to occur in such guns, penetrating the joints between

the adjacent rings, &c., and so forcing them asunder. The simple

answer is,—abundant means are at hand, to so far prevent all

corrosion, that the objection has no weight ; nor has this taken

place in the old bombards, to which no care has been given

(Note A).

37.

—

Resume and Conclusion.

317. We have thus pursued the subject to its end—which never contem-

plated any but incidental treatment, of the practical mechanical operations,

necessary to the perfection of ordnance, important as these are, and well

deserving of a separate work, of greater compass than has yet appeared
;

but rather the bringing such light, as the exact and systematic application

of physical and mechanical science could throw upon the chief principles, on

which the true design in form and fabric, and the choice and modes of appli-

cation of materials for artillery, must rest.

The author, so far as his reading has enabled him to judge, believes this

has been now attempted for the first time in a collected form.

318. Many and elaborate experimental researches will yet be requisite

before all the data, upon which the art of the gun-founder must rest, shall be
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acquired ; even some of the most initial, have still to be asked for. Thus, how

almost incredible it seems, that in the whole military and civil literature of the

world, as bearing on the subject, it cannot be found that the lUtimate crushing

weight for prisms of gun-metal, the coefficients of its extension and compression

in terms of the strain ; in fact, not one of its physical data, have as yet been accu-

rately determined. Yet this is the main material with which the artillerists of

Europe have been dealing, ever since the dawn of modern science (Note DD).

.319. To recapitulate in brief the subjects that have been discussed, and the

conclusions, so far as they have been arrived at :

—

1°. The molecular structui-e of cast and of wi'ought-iron are now for

the first time cleared from the confused and perplexed state in

which our knowledge remained, and brought under a single crys-

tallographic law ; which, like every truth, when once grasped,

not only becomes a light to clear up the darkness and confusion

behind, but enables us to predict the results of combinations and

circumstances yet to arise.

2°. The application of this law to cast-iron in cannon has shown the

nature, causes, and positions of " planes of weakness ;" their

resvdts in producing fracture, and the modes of their avoidance.

3". The application of the law to wrought-iron has shown the true rela-

tions of the mass, and mode of formation, to the strength, elasti-

city, and other properties of wrought-iron guns.

4°. The effects produced by mere changes of mass, all other conditions

being the same, have been shown both for cast and wrougl it-iron.

5°. The physical conditions of moulding and casting guns, in cast-iron

(irrespective of any questions of mere manipulation or of practical

detail) have been in a determinate manner discussed, their prin-

ciples endeavoured to be fixed, and the relations of temperature,

molten pressure of head, rate of cooling, &c., indicated.

6°. The relations as to " fitness of make" and quality of cast-iron for gun-

founding, of British and foreign cast-irons have been compared

;

mistakes as to the supposed superior and inimitable value, of the

latter corrected ; and the principles pointed out upon which British

cast-iron suited to gun-founding may be readily obtained.

VOL. XXUI. 2 s
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T. The relations also of British and foreign wrought-iron have been

pointed out, and some popular notions of the invariable supe-

riority of the latter brought into question.

8°. The principles upon which depends success in future efforts to pro-

cure large masses of wrought-iron, of reliable quality, have been

deduced from the principles ascertained as to its molecular consti-

tution, as determined by the mode of manufacture.

9°. The difficulties affecting the applications of gun-metal have been

treated with more regard to chemical and physical science than

appears to have been previously done, and some suggestions offered

as to directions of probable improvement in the methods of alloy-

ing and moulding the metal ; with explanations not before given,

of some of the singular and obscure phenomena of its conso-

lidation. The most elaborate previous treatises on this subject,

such as those of Massas, Meyer, and Herve, left very much to be

desired, and much remains yet to be investigated.

10'. The general comparison of physical, and other properties, of tlie

four great materials for ordnance has been finally reduced to tabu-

lation, and their fiscal relations compared.

11°. The important relations of elasticity and extensibility, to ultimate

strength, in guns of whatever material, have been discussed, and the

I'esult pointed out,—that mere tenacity is not a sufficient guide
;

that the safe coefficient of rupture, cannot be taken at more than

one half that safe for static loads, since the extension for impulse

is double that for passive strain.

12°. The important relations of elasticity to crystalline axis in wrought-

iron, developed by the application of the general law of its crys-

tallization, has been made the basis, in connexion with the theo-

retic conditions of resistance to internal pressure, for proposing

a better combination of wrought-iron in guns ; in principle, radi-

cally different from anything previously brought forward.

13". The prevalent notions, as to the vast superiority of steel as a mate-

rial for ordnance, have been, it is hoped, assigned their just value.

14'. The nature and effects of distortion by unequal temperature, in
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guns have been pointed out, and the conditions of their injury or

destruction thereby shown ; the precautions necessary in firing

red-hot shot, &c., indicated ; some ancient mistakes rectified ; and

tlie comparative values of the four great materials for ordnance,

in respect to distortion, ascertained.

15^. The long-vexed and confused question, as to the presumed deterio-

ration of wrought-iron at common temperatures by vibration, has

been cleared up, in a great degree, by the application to it of

the general law of crystallization ; the causes of the changes of

fracture, under the stroke of shot, pointed out for the first time
;

with a comparison of the effects of the stroke of shot upon the

four great materials of ordnance.

16°. The relations of the rapidity of the exploding agent to the material

of the gun have been discussed, and some more precise views

advanced of the nature and conditions of wear, and enlargement

of vent and bore in guns.

17°. The efiects of position, with respect to the axis of the gun, upon

the ultimate resistance of the metallic filament, has been investi-

gated in a new light, and its relations to,

—

18°. The efiects, on the resistance of the gun, of the position of its trun-

nions, or other fulcra of recoil, and of the simultaneous action of

forces of extension and compression within its mass.

19°. The doctrines of authors on Physics, as to the relations between

the force of contraction or expansion by heat, and corresponding

mechanical efl'ect in metals, has been placed in a new light, and, it

is hoped, with some advance of truth.

20°. Some new views as to the nature and efiV-cts of annealing, and the

relations between the temperature at which it takes place, and

that of fusion, and of the work done by rupture, on hard or un-

annealed and on soft or annealed metals, have been adduced.

21°. The relative advantages, and the objections which may be urged

against the adoption of wrought-iron guns, and especially of that

peculiar construction proposed, have been discussed, it is hoped,

in a true and impartial spirit.

2 s2
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320. If universal civil engineering experience has, after the most careful in-

quiry abandoned the use of cast-iron wherever impulsive and tensile forces are

together concerned in structures or machines, and substituted wrought-iron, it

is difficult to discover any reason why the same should not be done in the

construction of artillery ; which is in itself essentially a work of civil or mecha-

nical engineering ; admittedly so, according to some of the ablest military

authors. " De este modo la Artilleria es sencillamente una aplicacion imme-

diata de la mechauica, contraida al estudio de una especie particular de maqui-

nas" (Senderos, Elem. de Artil.)

The advocacy of this, the attempt to facilitate and perfect it, have been,

in part, the aim of what precedes.

In the attempt, whether successful or not, the author can truly say, in the

words of Bacon, that he has endeavoured to lay his mind unbiassed to the

question, " so that, like a pui-e mirror, it should reflect natui-e without distortion."

He had no preconceived views : and as all the main inquiry of the work had

been completed long before he became acquainted with the somewhat meagre

literature of the subject abroad,—there is none, he regrets to say, at home,

(Note EE),—and wholly independently : so he neither copied the notions, nor

was prejudiced by the preconceived views, of others.
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Note A.

—

(Sect. 1.)

Discovery of Gunpowder and Cannon.

At the first thought it seems strange that some of the most remarkable discoveries, and

which have had the greatest influence upon the progress and destinies of mankind, are

amongst those of which the least is known concerning their authors. Such is the case

with respect to gunpowder and artillery, which, next to printing and steam power, have

had perhaps the greatest material effects upon man's condition and progress.

This very obscurity is, however, a proof of the antiquity of the knowledge, and is

common to almost all the great and important discoveries by means of which our daily

wants are supplied. Who can tell when leavened bread was first baked ?—where animal

power was first made to aid man in subduing the earth by the plough ?—whore woven

fabrics, and twisted cordage that preceded them,—where the use of calcareous cements in

building,—were discovered ; still less, to whom individually these great improvements were

due? Nor was the early want of printed books or records the cause of this uncertainty, as

the history of invention in our own day proves, where it often happens that a discovery

essentially of the highest interest or importance is not recognised at once, and yet, after a

time, when these are seen, it is found impossible to award the palm of discovery to any

individual.

The electrotype and daguerrotype' are examples known to all ; and this, apart from

that wide class of human advances which have formed the base of so much controversy in

modern times, such as, who was the inventor of steam navigation, or as will, doubtless, be

hereafter asked, who invented the locomotive?—the true answer to which is, no one. These

are the conjoint results, the coalesced product of the separate inventions of innumerable

minds. Indeed, the history of human invention presents little that can be attributed with

absolute certainty to individuals, beyond the salient discoveries of exact science, and of a

late period. Perhaps even tliis ground is not without dispute, as Newton and Leibnitz

may witness.

It is with rather a narrow appreciation of the subject, as well as in neglect of much

historical information, that, with most authors, either Bacon or Schwartz has been assumed

as the inventor of gunpowder. Another class of archaeologists admit the knowledge of

gunpowder to have been of extreme antiquity in the East, but at once grant the honour

of separate, though subsequent, original discovery to the European monks. Yet the ground

for this seems to be no more than that, in their writings, the earliest recorded mention of

the great discovery is made in any European language. Roger Bacon, unquestionably

antecedent to his German rival, was born 1214, and died 1292; and his work, "De
Nullitate Magias," appears to have been written about 1270, while Kircher's account gives

1354, or the date of the discovery by Schwartz.
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It appears, however, that an Arabic manuscript exists in the collection of the Escurial,

which unmistakably describes gunpowder and its properties, the date of which is anterior

to 1250. (Caseri, " Bib. Arab. Hispan." t. xi. p. 7.)

The opinions of Spanish authors may be given in the words of Senderos (Elem. de

Artil.) :
—" Es muy probable que la polvera se haya conocido por varies pueblos del Asia,

desde una grande antigiiedad, pero su invencion en Europa se atribuye generalmente al

quimlco Ingles Rogerio Bacon a principios del siglo xiii.''

The impression given by Bacon's account is not that of a man divulging a most sur-

prising and new discovery of his own, but of one referring to a discovery already made by

others, and known to him, though not, indeed, commonly known ; and it is remarkable

that all the earliest noticers of gunpowder and of artillery throughout Europe speak as of

something already known, and more or less in use here or there. The most probable case

seems to be, that both Bacon and Schwartz (the former clearly the earlier) were but the

learned divulgers of information derived from elsewhere.

In attempting to trace back invention or discovery, we shall often obtain a broader

lifht (through the gloom of past ages) by endeavouring to refer the discovery and the

records of it into collation with the material conditions and substances upon which it

depended, as well as with the knowledge, manners, laws, polity, and traditions of the

period.

Nitre, produced so sparingly in temperate climates as to excite scarcely any observation,

and to be with difficulty collected, has ever been the spontaneous production of India and

China, in such abundance as to challenge mankind to its examination and trial. Sulphur

(n'"'lE;), and coal, i. e. charcoal (cnE), are known and mentioned by their properties at the

early periods of Moses and the Book of Job.* The former, found abundantly in China and

throughout the volcanic regions of Syria, of Lake Baikal, and central Asia; the latter, tlie

necessary product of the extinction of the first fire of wood fuel—that which was (unless

we except naphtha and bitumen) the sole fuel of the East. That some explosive compound

of these widely scattered native products should have been early hit upon in these dry and

warm climes, and that the first observation of the phenomena should so powerfully arrest the

attention of races whose imaginations have ever leaned towards the mystical and marvellous,

seem almost inevitable ; and equally so, that all this may most probably have occurred at a

very early epoch of the worlds history. The earliest recorded notices, however (perhaps

Oriental scholars may know of others much anterior), seem to be those of Philostratus,

Themistius, and others, in relation to Alexander's campaigns in Asia, of some terrible

missile, simulating thunder and lightning, in the hands of the Oriental sages, the irre-

sistible power of which stopped the conqueror at the Hyphasis ; and all of which is condensed

into a few lines by Lord Bacon in his Essay " On the Vicissitude of Things," who thought

* See Note, page 339.
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it " certain that ordnance was known in the city of the Oxydraces in India, in Alex-

ander's time." Many circumstances, however, seem to point to the use of cannon in China

at a far earlier period than that of Alexander (B.C. 300) (" Etudes sur le passe et I'avenir

de I'Artillerie," par le Prince Louis Napoleon, t. i.—Colonel Chesney, " Observations on

the Past and Present State of Firearms," &c., vol. i.)

For centuries the East and the West were separated as by an impassable gulf. Asia

knew nothing of Europe; Europe but touched the coasts and confines of the great Eastern

continents. The annual expeditions of Solomon, coasting the further Arabia, reached

probably at farthest but to the southern coasts of Persia or the mouths of the Indus. The

Indian trade of Rome, so slender that the paucity of supply made a pound of silk worth a

pound of gold there, was carried on through Egypt and the Red Sea, but seems to have

reached no further than the Malabar coast and to Ceylon, and to have mainly consisted in

silk, pearls, gems, spices, and gums (Gibbon, " Decline and Fall"). The invasion of

Alexander, the voyage of Nearchus, were bi;t exceptional cases ; and the unusual appear-

ance of strangers from the East, even at the commencement of our era, is indicated by the

account given of the worship of the Magi at Bethlehem. But with Christianity began the

great breaking up of ancient systems, and the vast military and social migrations and new

localizations of mankind. Through Egypt and Asia Minor some of the obscure and half

occult knowledge of alchemy, of magic, and "curious arts," which the severer science of

Greece, and the splendid power of imperial Rome, had despised, had at length travelled

westward
;
yet not unopposed, for in A.D. 290, Diocletian burns, by edict, all the alche-

mistic books in Egypt. The invader's sword, however, was soon to dislocate everything;

from the meridians eastward of Scythia, as from a dividing line, Tartars and Moguls

poured into India ; the northern nations precipitated themselves upon the Roman Empire

and upon southern Europe ; ere long the conquering Arabs appear upon the disturbed

European scene ; and before the end of the seventh century their vast empire extends from

Bagdad to Granada and Morocco. Soldiers and nomads at first, they yet brought with

them some of the arts and science, the poetry and literature, the refined and luxurious

tastes, of the ancient East, which, under the firm dynasty of the Abbassides, received those

later developments which our own paper, sugar, and Arabic numerals attest. The fanatic

element of power is now added ; from the cloudy dust of the desert the whirlwind of

Mahomet's cavalry emerges, beneath which in later day the Eastern Empire is overthrown,

and which at last is only with difficulty stayed beneath the walls of Vienna.

It may be asked, then, how is it that the warlike race of Islam, coming from the land

of this wondrous secret, which was known also to the learned amongst themselves, never

used it as a weapon of warfare until the eleventh century, when the Moors in Spain seem to

have applied gunpowder in sieges? (Sismondi, " Hist. Literat." by Roscoe, vol. i. cap. ii.)

The answer seems to be, they were mounted, a nation of cavalry ; the sword, pronounced

by Mahomet himself " the key of heaven and of hell," was their favourite and most e£Fec-
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live weapon ; and, as with the Roman legions, the sword and " pilum" bore the brunt of

battle,—missile arms being resigned disdainfully to the " velites,"—so might the words in

which the great Roman historian always describes the crisis of the fight, be applied to

every Moslem victory—" Gladiis res geritur." It was not nntil the tide of victory brought

their successors in front of the walled cities of the West, that the need of gunpowder was

found.

Reverting again to Europe, between the fifth and the twelfth century, " old things had

passed away ;" Christianity had established herself upon the ruin of the ancient creeds.

" The sword," which, its Author had predicted it, should bring with it invasion and blood-

shed, had given place to something like the stability of governments ; and the distinctions of

now-born languages and kingdoms, the germs of our modern civilization, were developed.

"Society already possessed kings, a lay aristocracy, clergy, burghers, labourers, and civil

powers." (Guizot, " Hist, de la Civil." t. i. lect. viii.) Trades had been developed, and

their mysteries were in the hands of the craftsmen and free burghers of the trading cities.

Travelling on distant expeditions was rare, except for the purposes of merchandize or

pilgrimage to the holy shrines. Churchmen and monks became thus those best acquainted

with foreign lands, and often were intrusted with diplomatic missions, as distant as even

to the Great Khan. (Abel Remusat, "Mem. sur les Relations Politique," &c. 2me Mem.

pp. 154-157.) Thus, Ascelin and J. de Piano Carpini, travelling friars, were sent as

ambassadors by Pope Innocent IV. into the heart of Asia, just at the end of the twelfth

century. (Murray, "Hist. Discov. in Asia. "_) Whatever learning, whatever science remained

unburied, were also possessed by them. Would it not have been wonderful, then, if they

were not the best informed men of their times as to all that was of foreign occurrence —if

they had not been the introducers of much that was new, strange, and valuable, from the

distant and ancient lands that they visited? They were so, as the introduction of many

exotic plants attests, which, spreading from the monastery gardens of Europe, as from

centres, have long become naturalized over wide habitats, as our possession of the treasures

of ancient learning, rescued from the wreck of the East, and preserved in their libraries,

proves.

They returned with imaginations heated, and intellects fired and energized, by their

transit from the- learned leisure, or perhaps the sloth and sensuality of their cells, to the

glorious scenes and monuments of ancient story, and the richness of southern climes. The

preaching of one such man set Europe again in a blaze : at the voice of Peter the Hermit,

all Christendom prepared to throw itself upon the East, as Islamism had before rushed

upon the West. From the eleventh to the end of the thirteenth century. Crusade after

Crusade made these ancient but now decaying lands more and more familiar to the

churchmen and to the chivalry of the Cross.

The former, however, were alone fitted cither to collect and treasure, or to transmit by
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writings, the lore, the knowledge of the productions, the arts and sciences, of the lands and

peoples amongst whom they travelled. They carried back these acquisitions to their own

monasteries, and they communicated them to their clerkly brethren, as they made their

rounds of visits, from religious house to house; and thus it was, that from the seclusion

and silence of the cloister and the cell were echoed, in the furthest North and West, the

inventions, the arts, the discoveries, of distant lands and foreign people ; the announcement

of which—as in the instances of Bacon and of Schwartz, with gunpowder—bear to us now

at first the impressions of original discovery made by the men themselves, as if buried in

the solitude of study, which were, in fact, most often but gathered from those of their

itinerant brethren who were then the great news-venders of the world. The conclusion,

therefore, seems justifiable, that gunpowder, known i'rom a remote antiquity in eastern

and southern Asia, was not independently re-invented or discovered in Europe; but that

the knowledge of it travelled westward with the Arabians, and with the returning bands of

pilgrims and crusaders fi-om Syria and Palestine ; and was introduced into the Levant and

Spain by the former, and into Scotland, England, and Germany, by the latter.

But we must be brief; it is iinpossible, within the limits of a Note, even to sketch this

history perfectly, for to do so of any one discovery, is in many respects to write the history

of all human progress. Yet, much as has been penned by various authors on the subject,

we make bold to say, the real liislory of the discovery of gunpowder and of cannon, or

firearms generally, remains still to be written, and, whenever attempted with success, it will

be by him who shall be competent to unfold the lore laid up in Arabic MSS. in the

monasteries and palaces of Spain and of the East, and who shall endeavour to collect and

to collate the still extant records of the burgher cities of southern and central Europe,

and such other fiscal or state documents as may best develop the sources and channels

through which Europe was supplied with saltpetre and sulphur at the earliest periods, say

from the eleventh century. To these, rather than to the learned dust of alchemy, are we

to look for future information.

The Saltpetre regale, by which, under a sort of royal patent, the right of searching for

and collecting incrustations of this salt, even from the walls of private dwellings, existed

amongst, and was hated by, the people of Germany, does not seem to have been known

anterior to the fifteenth century, if so early. Artillery, however, was common all over

Europe in the middle of the fourteenth century, and the total production of the regale

could not have supplied a tithe of the demand. Whence, then, was the supply?

If gunpowder itself be admitted to have been known for an immense period in tlie

east of Asia, it is not conceivable that some forms of firearms, and cannon as the very

simplest, must not have been known there likewise. The corollary is too obvious and

simple, long to escape even a very barbarous people.

From the early date of the notices already referred to, which make it so probable that

VOL. xxm. 2 T
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Alexander was opposed by artillery, down to the end of the twelfth or beginning of the

thirteenth century, no records of its use in Asia appear known in European tongues ; such

may exist in Oriental languages, however.

Carpini, writing in 1246, says, that he observed that the armies of Prester John had

copper tubes, which, mounted on horseback, vomited, in a wonderful manner (he knew

not how), fire and smoke, whereby his enemies were struck and overthrown (Murray,

" Hist. Disc"). These seem to have been the predecessors of the Camel batteries, so com-

mon in the East at this day.

It is impossible, however, here to refer to innumerable facts, scattered through many

authors, that sustain this view, and indicate not only that cannon were made and in use in

China and the Indian peninsula at a very remote period, and, with the knowledge of

gunpowder, conveyed thence into Europe, but that even the early methods of manufacture

were brought also from the East. As to the former, amongst many others, the following

works may be consulted:—Murray's " Hist. Discoveries in Asia;" Staunton's " Embassy

to China;" Du Halde's " History of China;" Elliott's " Blbliogr. Index, Hist. Moham.

India;" Fave, " DesOrigines de la Poudre;"La Lanne, "Acad, des Inscrip., 1840; Brigg's

"Hist. !Moham. Power in India;" " Algemeine Deutsche Encycl. ;" " Marion recueil des

bouches a Feu les plus remark," &c. ; Col. Symes' " Embassy to Ava ;" and the works

previously quoted. The latter proposition, as to the early knowledge of fire-arms in Asia,

will become illustrated by the following

—

Notices erf some of the most remarkable Ancient Cannon, in Size or Construction.

The earliest European artillery of large size consisted of " Serpentines" and "Bom-
bards,"—both being formed of longitudinal bars of wrought-iron, arranged like the staves

of a cask, and hooped all over, or nearly so, with wrought-iron rings, shrunk-on hot upon the

bars. The Serpentine was of small caliber, but of enormous length. Perhaps the most

remarkable specimen existing is in the collection of the Arsenal of Neuville, canton of

Berne: it is only about 2 inches caliber, but about 10 feet in length of chase, or about si.xty

calibers, formed of wrought-iron, with rings shrunk-on at some inches apart; the breech is

fixed, and it was loaded from the muzzle. The gun lies imbedded to its horizontal

diameter, and for its whole length, in a timber bed, like a musket-stock, against which the

breech abuts, as it has no trunnions. The whole is mounted on a well-contrived field

carriage, with two large wheels and trail ; the bed or stock of the gun being balanced over

the axle and jointed to the trail, so as to elevate and depress in a very judicious manner.

The whole is extremely interesting, as presenting the germ of our modern field artillery-

carriage. The total weight is nearly 4 tons. It was taken by the Swiss, from Charles

le Temeraire, at the battle of Granson, in 1476, and an engraving of it occurs in the Emperor
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Napoleon's work, " Passe ct I'avenir d'Artillcrie." Charles is said to have possessed pieces

of 7, 10, 20, and 30 livres' weight of ball (probably of lead) upon this construction, which

was well fitted to give a large range with the slow-burning powder then in use, before the

invention of granulation.

The bombard was usually a much shorter piece, often of immense caliber, but formed

of wrought-iron much in the same way, except that the inner bars were separate longitu-

dinal ones, in place of an united cylinder, the external rings being common to both ; it was,

in fact, an immense howitzer, the chase being generally in length from five to eight calibers,

and used for throwing stone balls. The chamber, also of wrought-iron, was at first sepa-

rate from the chase, socketed into and secured to the latter by rings and lashings ; but in

later examples the chamber and chase are united into one mass. The former construction

is that of the great bombard recovered from the bed of the Bahgretti, at Moorshedabad, in

Bengal ; the latter, that of the Mons Meg, of Edinburgh Castle, and of the great bombard

of Ghent, all about to be described. In either case, the only carriage used for the gun was

a long trough-like sleeper of timber, often of the rude construction shown in the annexed

figure ; the change of elevation being produced by blocking up in front; and the stone shot

being rolled into the muzzle, up a sort of movable inclined trough of wood, by hand-

spikes. The whole recoil was borne by a firm blocking of timber fixed in rere of the

breech, between which and the blocking a stufied pad of leather seems to have been sonic-

times interposed as a bufler.

The velocity of recoil was not great, and the mass of the chamber-piece was considerable,

so that, when made separately, the tendency of the latter, and of the chase, to part off' from

each other at the moment of recoil was not very great with this mode of mounting. In

smaller and longer pieces of wrought-iron of this early period, as in those recovered from

the " Mary Rose," wrecked in 1 545, one ofwhich has a caliber ofabout 6-^ inches, and a length

of about 8 feet, though formed and mounted much in the same way, the chamber-piece is

cither in one solid piece with the chase, or separate and movable chambers were dropped

in between jaws projecting backwards and in one piece with the chase, and were there

secured by a coin wedge behind, in precisely the same manner as the Oriental gingals.

It will be thus already remarked, that the construction of these largest and earliest cannon

is identical in Europe and in India and China. It will be better, however, to reserve

further observations until we have described a few of the most striking examples.

Great Gun of Ghent, or Gand.—In various works the great cannon of Ghent is men-

tioned, as,— Dlericx, " Memoires sur la Ville de Gand," vol; ii., p. 144; P. Seiiz,

"Nouvelles Archives Historiques, Philosophiques, et Litteraires," vol. ii., p. 607; Voisin,

" Guide des Voyageurs dans la Ville de Gand," p. 300; F. De Vigne, " Sur TUsage des

Armes a Feu ; le Messager des Sciences et des Arts :" a collection published by the Society

of Fine Arts and Letters at Ghent, vol. v., pp. 101, 128.

2t2
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The following is from Voisin:—" This enormous cannon, or ancient bombard, is one

of the most curious pieces of artillery known, both in dimensions and construction, which

is a chef d^auvre of the art of forging. It is 18 feet in length, by 10 feet 6 inches in circum-

ference; the mouth is 2| feet in diameter; it is forged from bars of iron, and weighs

33,606 lbs., and threw a stone ball of 600 lbs. weight. Its construction appears to date

from the early years of the invention of artillery ; in all probability it was forged wiiile

Philippe Van Artevelde, Riswaert of Flanders, was besieging Oudenarde, in 1382.

" It is certain that the people of Ghent, at war with their Duke Philippe, used it in 1411,

and at the attack of Oudenarde, in 1452 ; and that, forced to abandon the siege, their

creat piece of artillery, which they were not able to drag along with them, fell into the

hands of the burghers of that city, commanded by Gaspard Van der Moiren. It is probable

that they of Oudenarde, who took part with the Duke of Burgundy, caused the arms of

that prince to be engraved upon it.

" During the great revolt against the Spaniards, this famous piece, which Oudenarde

had preserved for nearly a century as a civic trophy, was recaptured by the Gantois leader,

Rockelfing, transported to Ghent by the Escaut, and discharged on the 8th March, 1578,

from the quay Kuypyat, now the plain Des Recollets. It was placed, the same year,

—

at jMannekins-aerd, near the Marche du Vendredi, where it is still to be seen,—upon wooden

trestles, which were several times renewed. These trestles were replaced, about 1783, by

the throe freestone pedestals, which are represented, and on which it now stands.

" It served for throwing stone balls, or barrels containing a kind of grape-shot, composed

of pieces of stone, iron, or glass, &c. The chamber is made separate from the chase, but is

reunited to it in the same manner as in some of the bronze pieces which defend the entrance

of the Dardanelles: these have nearly the same form and dimensions as the bombard of

Ghent, which is believed to be the largest in Europe. The cannon which draws the

attention of strangers in the Arsenal at St. Petersburg is 21 feet long, but it only weighs

17,435 lbs., and its caliber is only 68 lbs.

" The great cannon of Ghent still bears the sobriquet of Dulle Griette (the Raging

Meg), whether in allusion to the noise which it made by its report, or to perpetuate the

evil fame of Margaret, Countess of Flanders, who died in 1279. The hatred which this

princess bore all her life to the children of her first marriage, Jean et Baudoin d'Avesnes,

caused the greatest misfortunes in Flanders, and she bore to the grave the name of the

Black Lady, which the people had given her. Some of the French chroniclers say the

piece was commonly called " Margot la Folic."





TRANS. R. I. A. Vol. XXIII. SCIENCE, p. 181.

Plath VIII.

ten?

NfiMSIiSkS^SB^il!^ Stfh MbSBS^IAt^Am

^V>>>V^V>V>X%\%VkVk.VVVi

Ll|li!l,

i 'r

1
1 M -

ll I'll

1



involved in the Construction of Artillery. 321

" The following are its exact dimensions:

—

French English

Metres. Inches.

Length of the chamber, outside, 1-53 = CO'237

Length of the chamber, inside, 1'30 = 51'182

Average diameter of the exterior of the chamber, . . 0-73= 28-741

Average internal diameter of the chamber, .... 025 = 9-84:3

Average thickness of the -wall of the chamber, . . . 0-24 = 9-449

Length of the chase, outside, 3-49 = 137-404

Interior length of the chase, 323 = 127168

Average exterior diameter of the chase, 090 = 35-434

Interior diameter of the chase 0-65 = 25-591

Average thickness of the wall of the chase, .... 012 = 4724

Thickness of the longitudinal bars of the chase at the

mouth of the cannon 0-45 = 1-772

Thickness of the exterior rings, varying from

0-08 metres = 3-150 inches, to 004 = 1575"

The Gantois are alleged to have possessed a serpentine at the siege of Oudenarde, in

1382, o^fifty feet in length.

I am indebted for the preceding dimensions to the favour of Mons. Quetelet, of

Bruxelles, and of Professor Duprez, of Gand.

The Mons Meg of Scotland.—Through the kindness of Colonel Moody, R. E., I am

indebted to Captain R. Grant, R.E., of the Commanding Royal Engineers' Staff, Edinburgh,

for the following particulars as to Mons Meg,—perhaps the next ancient bombard, in size

and interest, in Europe, which, after many changes of place and fortune, now rests as a

trophy in the King's Bastion, Edinburgh Castle:—
Formed of longitudinal stave bars, in one ply only, and of superimposed rings, driven

and shrunk-on upon the taper, in one ply also, the general construction of this gun is

similar to that of Gand, and may be distinctly understood from the section above. The

mode of connexion between the longitudinal bars of the chase and of the chamber cannot

now be clearly ascertained, being covered by the exterior rings, and from the effects of cor-

rosion; that which is drawn above, therefore, is so far inferential. There seems ground

for believing that, in some instances, the chamber-pieces were fixed to the chase' by the

interlacing of a rude set of ring notches in the overlapping ends of the longitudinal bars,

and, according to Piobert, they were sometimes screwed together. The chamber-piece

Captain Grant considers to be formed of rings welded into one piece; but this is impro-

bable, considering the limited forging capabilities of the age in which it was made. The

joints of the rings were very well fitted at this important part; and ancient rust, converted

by time into crystalline hematite, as hard as the iron itself, has so filled the interstices as
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to make it appear one mass. The longitudinal bars are parallel in thickness throughout,

and meet edee to edge, but their exterior and interior arc slightly taper; the chase, there-

fore, is not cylindrical, but conical, as is also the chamber; the caliber at the muzzle being

20 inches, and that at the bottom, close to the chamber, 20J inches. The effect of this was

to give a much larger windage at the commencement of motion of the stone ball than at

its leaving the piece, -which, with very slow-burning powder, must have greatly eased the

strain upon the gun, without very materially reducing the velocity and range.

This advantage may have been intentional ; but the primary object of this taper was,

no doubt, to facilitate the getting on of the external rings when red hot. It is obviously

so formed by design, and not by accident or error of workmanship ; and, being a uniform

taper, could not have resulted from swelling produced by the strain of explosion acting most

severely towards the breech.

The following are the principal dimensions :

—

Feet Inches.

Total length, 13 6

External diameter of muzzle, 24|

External diameter of breech, 27

Greatest external diameter 2 4|

Length of chase, interior, 8 9J

Caliber at muzzle, 20

Caliber at breech, 20J

Longitudinal bars, twenty-five, each | in. thick x 2^ in. nearly.

External rings, average width, 3^ ins. ,, „

„ „ radial thickness, from 3f in. to i in.

Length of chamber, interior, 3 9

Diameter at mouth, 9|

Diameter at breech, lOJ

Thickness of wall of chamber, minimum, 6

Thickness of breech in line of axis, 5|

Vent, distant from exterior of breech in line of axis, 9J

The vent is much enlarged (though still round), owing to corrosion.

The iron of the gun has been commonly supposed Swedish ; it is much more probable,

however, that it is of iron faggoted up by hand-hammers from small bars of native-made

chaicoal-iron, from the ancient forges of Cumberland or other parts of the Border country.

Iron thus wrought is perfectly undistinguishable from Swedish, though usually a little

solter.

The following is the history and .tradition respecting this gun, taken from " The

Statistical Account of Scotland :"

—
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" When the Act of Forfeiture against the Douglas was passed by the Scottish Parliament,

in 1455, and the castle of Threave was the last stronghold of that family, King James II.

marched into Galloway, and taking up a position near where the town of Castle Douglas

now stands, besieged it. Amongst the country-people who came to witness the siege were a

blacksmith and his sons, named M'Kin, or M'Kew. Seeing that the royal artillery produced

no eifect, old M'Kin offered, if furnished with proper materials, to make a more efficient

piece of ordnance. The King gladly accepted the proposal, and the people of Kirkcud-

bright each contributed a bar of iron, out of which M'Kin produced the gun called Mons

Meg. It was made at Buchan's Croft, close to the ' Three Thorns of Carlin Wark,' where

the King had encamped. Its weight was 6-J tons, and its caliber 19i inches; the charge of

powder was a peck; and in a short time the garrison surrendered. The king gave M'Kia

the forfeited lands of MoUance as a reward: IM'Kin soon became called (as was the custom)

Mollance, after his lands. The cannon was named after him, with the addition of Meg,

his wife's name, whose voice was said to rival that of her namesake. Thus the original

name of the gun, Mollance Meg, was soon shortened into Mons Meg."

All this may possibly be true, but it looks most improbable, so far as the name is con-

cerned; it is but a sample of that loose sort of vapid fable with a circumstance, with which

antiquaries are apt to be satisfied. It will have been remarked that the Gantois gun is a

Meg, too, as are many other large guns popularly throughout Germany. The truth seems to

be—"Grcte,""Gretchen,"is familiarly applied by the vulgar, in Germany and Flanders, to

any huge machine that does " virago" work, just as "Jenny" is with us applied to any one that

performs drudgery, as in " spinning-jenny," or, as the old Scottish guillotine was called, "The

Maiden," and the " Mons" was probably nothing more than an abbreviation ofmonster. The

whole tale, moreover, is rendered improbable by the statement of Pennant ("Northern

Tour"), who says that the sister gun to Mons Meg proved fatal to James II. of Scotland, by

bursting near his person. This was at the siege of Roxburgh Castle, which had remained

in the hands of an English garrison from the time of the Battle of Durham, in 1460.

However, it is quite possible the iron was forged and the gim made in Scotland by

M'Kin, and that he was a craftsman of some of the blacksmiths' guilds in Scottish burghs;

but the design of the gun came from the Continent,—at least is identical with that pre-

viously adopted in various parts of Europe and in Asia, from a remote antiquity. The

ancient and celebrated fabricators of cutting weapons in Scotland, it will be recollected,

were not natives, but foreign artisans from the north of Italy and from Spain.

Mons Meg was used at the siege of Dumbarton, in 1489 ; was then brought back to

Edinburgh, and reposed there for eight years; was next brought to Norham, in 1497; was

afterwards used to fire a salute, in 1548, when Queen Mary married the Dauphin of France

;

and in 1682, when firing a salute in honour of the Duke of York, the iron rings, which

are now partly wanting near the breech, were blown away, though without much distui-bing
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the longitudinal bars,—probably the effects of the more rapidly igniting powder then

becoming known. The gun actually discharged balls of Galloway granite against Threave

Castle. The weight of a granite ball of 19 J inches diameter is about 330 lbs. When tlie

extreme thinness of the gun towards the muzzle—indeed its general thinness—is consi-

dered, we cannot avoid being impressed with the real skill shown in the construction of

these built-up guns, in which, despite the difficulties which the infant state of metal-

lurgic art interposed, and unaided by science, with nothing but mother wit and patient

" trial and error" to guide them, these ancient craftsmen arrived at a construction which

tlie science of to-day affirms within one stage of being theoretically perfect, and succeeded

practically in producing weapons which in magnitude are only now about to be surpassed.

Nor, when we call to mind the state of fortification from the thirteenth to the beginning

of the sixteenth centuries, are we less struck with the extreme suitability of these bombards

to the work tliey were called on to perform. The strongholds were all of masonry: earth-

works and bastions were not developed before the fifteenth century. Large and heavy

shot, thrown with moderate velocity, was precisely that which in the then state of the

arts, and of warfare, gave the most efficient breaching power. The latest and most formi-

dable fortifications in Europe have returned to masonry in casemates to avast extent; our

floating batteries of attack are become shot-proof: we shall yet return to the bombard,

though improved and empowered.

The third and last bombard which I purpose noticing, is that which was dug out ol

the bed of the Bhagretti river a few years since, by Mr. H. Torrens, Political Agent at the

Court of the Nabob Nazim of Bengal, and which now stands opposite the palace at Moor-

shedabad.

This remarkable gun was extremely well figured in the " Illustrated London News" of

October 18, 1851, p. 501:—

It is identical in principle of construction with the Gantois gun, with the exception of

the chamber-piece being separable from the chase, to which it is capable of being confined

by lashings, through rings provided on it and on the chase.

The chase part is 12 feet 6 inches in length; the caliber 18^ inches; the chamber-

piece is 4 feet 3 inches long. Nothing is known as to the origin or history of the gun,

though a vague local popular notion exists of its having been made to resist the Mahrattas,

who at former periods used to descend upon Moorshedabad ; but as the Mahratta power only

began to rise in the middle of the seventeenth century, on the decline of the Mogul

dynasties, when cannon of a totally different and more modern sort were in common use

in India, this is out of question.

This most remarkable gun, identical in principle and in mode of construction with the

ancient bombards of Europe, proves its own Oriental origin and construction, by the unmis-

takable style of ornamentation upon its exterior. Either it was made in India; or, if made
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in Europe, at a period before the wrought-iron bombard was disused, transmitted to India,

and ornamented by Indian artists there. The weight of the gun, the small size of sea-

going vessels in the fourteenth century, the partial overland route to India alone known,

the difficulty of transport over that—all make its formation in Europe most improbable.

We must conclude, then, that this gun was designed and made in India; and we cannot

conclude it later in date than the end of the fourteenth century. Did Europe, then,

•ndependently, discover a mode of construction in cannon, of a complex character, identical

in all its details with the modes invented in Asia (as it has been said she did gunpowder)?

or did Asia in this case learn from Europe? or must we come to the conclusion that Asia

was the discoverer and the teacher, and that the identity in general dimensions and propor-

tions, as well as in all the details, of a very remarkable construction found in the bombards

of both continents, is due to this—that they were long known and in use in India and

China; ^nd that both the serpentine and the bombard were, like gunpowder, and along

with it, eastern inventions, imported to us.

Colonel Symes, in his "Embassy to Ava, in 1795," informs us that he found, that

" cannon, formed of prismatic bars of wrought-iron hooped together, were known in India

from a remote antiquity." Du Halde mentions such bombards at the gates of Nankin,

as so ancient, that their use had apparently been forgotten ; the Fort of Chittoor, and

others, and many strongholds in China, present to this day " fire tubes," which are the

real ancestors of the serpentines of early Europe, though the latter became varied and

modified, and mounted to suit European wants and modes of transport.

If cannon, as the corollary of gunpowder, were invented by its reputed European

inventors, or near their seats, we should find the progress of the discovery, as it got rapidly

into use, spreading over Europe, from England on Saxony as centres ; but the fact is not

so. The following dates of the ascertained use of ordnance, in various parts of Europe,

all corroborate the view, that the great invention was brought into Europe through Spain,

the Levant, and South-eastern Europe, and through the naval or commercial cities of

Northern Italy ; and passed into Northern Europe through the great trading and naval

nations of the north :

—

A. D. 1118 to 1135. The Moors in Spain use artillery in attack and defence of fortified

places (Conde's " Hist. Moors in Spain").

1157. The Spaniards have artillery at the siege of Niebla, held by the Moors.

1156. The Moors use artillery at siege of Bona, in Sicily.

1249. The Arabians in Egypt, have artillery.

1280. Cordova besieged with artillery.

1308. Ferdinand IV. took Gibraltar from the Moors with artillery.

1311. The City of Brescia defended by bombards, obtained probably from the Venetians.

1312. Baza, in Spain, attacked with artillery.

VOL. XXIII. 2 u
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1319. The Genoese possess artillery.

1.326. Martos, in Spain, so besieged.

1327. Artillery used in Scotland.

1335. In use in England.

1339. In use in France.

1340. At Tariffa and Algesiras.

1343. The Tunisians use it against Seville.

1346. In Flanders generally.

1350. In Italy generally.

1353. At Nuremberg and Augsburg.

1354. In Denmark.

1356. Throughout the greater part of Germany.

Thus we observe its progress northwards and westwards, and that it reaches earnest, the

most mercantile and voyaging peoples.

It seems like the whispered augury of future greatness, when we find that the ^ancient

English fleet was armed with artillery in abundance, before it was in extended use, by any

of the fleets of Northern Europe, though probably long before that time the Genoese galleys

had been so provided. The Jloors had cannon at sea in 1342 ; the English fleet in 1347

;

the Arragonese in 1359 ; the Danes in 1361. The popular statement, repeated from book

to book, that cannon were unknown in France before the battle of Cressy, when they

were first used by the English, is certainly an error; for Daniell, "Vie de Philip de

Valois," quotes the "Chambre des Accompts'' of Paris, " for four great cannon for Harlleur"

in 1338.

Scotland very early figures in the list, and probably got her early intelligence, through

her constant intimacy with France and Italy, and perhaps, by the prevalent transit of

pilgrims to her northern shrines.

I find it impossible to give authorities within the limits of a Note.

Cannon of Bronze.

The eai'liest bronze guns appear to have been cast in Europe about 1370, and seem to

have been produced about the same time in several of the wealthy burgher cities of Ger-

many and of France. Between that and 1400, bombards were cast (after the more ancient

models of iron) in bronze, with separate and with attached chambers (canons a boite,) the

ancestors of all modern breech-loading guns ; and culverines, which replaced the iron

serpentines, and were of enormous length, 35 to 60 calibers, and great strength towards

the breech, but of small caliber. Many examples remain of a later date; one at Dover

Castle; another in the Dial-square, Woolwich Arsenal ; and the celebrated one of Nancy

(1598), above 21 feet in length (Piobert " Traite," Fig. 48), carrying about an 18-lb. iron ball.

Froissart mentions one of 50 feet in length ; but in this there surely must be some
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mistake. The earliest bronze guns, both in Europe and Asia, were cast without trunnions,

dolphins, rings, or breech-buttons. The recoil was resisted by the flat breech abutting

firmly against the heavy timber stocks on which they were mounted.

About 1378 the first examples occur of the adoption ofspherical shot of cast-iron. Cast-

iron, as a peculiar form of iron, and its capability of being fused, had long been known; the

possibility of moulding and casting it into determinate forms must have early resulted from

the daily observations of the workers in the smelting forges on the Catalan method, and in

those of the Thuringian forest; though but little early use appears to have been made of a

discovery upon which so much of the subsequent power and progress of mankind have de-

pended. The stone balls of the archaic artillery, however, light, brittle, irregular in form and

texture, slow and costly in formation, found a valued substitute in cast-iron, which seems

to have been first used in France by Les Freres Bureau, about 1429, under the IMaid of

Orleans, in the wars with the English (L. Napoleon, " Passe et I'Avenir d'Artillerie").

The increased density of iron over stone, rapidly necessitated the reduction in caliber

of the older bombards. The manufacture of powder was improving as it became an estab-

lished European want ; saltpetre was better known, and rather less impure ; the original

wrought-iron guns were no longer safe. The facilities which moulding and casting in

bronze gave, suggested the advantage and use of trunnions and of dolphins or rings,

whose formation in wrought-iron was so difficult, and of uniting the chase and chamber

into one mass, which in bronze were easier made together than in separate fitting pieces,

and thus heavy artillery assumed something like the general form of cylindric bore and

conic exterior that it has ever since borne.

The large reduction in caliber, due to the change of material in shot, increased the

facilities of using bronze, in the same proportion that it rendered practically difficult the

adaptation of the ancient method of built-up wrought-iron cannon. With the then known
methods of smelting and of working iron, bronze guns were now, in fact, the cheaper mode
of construction, notwithstanding the higher price of bronze, which, however, was relatively

nearer in price as raw material to iron than it is now. The bronze gun was found less

dependent upon the care and skill of the workman at every step, and the power of orna-

mentation was given. Perhaps potentates and powers saw, too, that in bronze guns they

possessed a material capable of conversion into treasure at any moment. These, and other

minor circumstances, all tended to the rapid increase of bronze artillery, and to the neolect

and final abandonment of that of wrought-iron. By 1450, the former were in common
use; and by the end of the fifteenth century the latter had fallen wholly into disuse. An
interesting example of the transition period occurs at the Repository, Woolwich, in

one of two wrought-iron hoop guns (about 12-pounders) of the time of Henry VI.,

1422. These guns are about 8 feet long, nearly cylindrical externally, with two plies of

longitudinal bars, and one of hoops. One of them is imperfect; the perfect one has a

2 U 2
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wrought-iron breech; the other, a breech formed of a bronze plug, cast into the iron, thus

corabiniug in one gun the two metals.

The causes which led to the change have not, that I am aware of, been previously viewed

in this light; and I enlarge upon them because, in many important works upon modern

artillery, the abandonment of wrought-iron, at this early period, has been, by a misconcep-

tion of its causes, made, falsely, an argument against the advantages of wrought-iron as a

material for ordnance at this present day, forgetful utterly of the vast diflFerence between

the materials, tools, and workmanship, of the blacksmith M'Kin and his sons, and the

iron works and workshops of our England of to-day.

The bell-founder's art, kept alive throughout the Dark Ages by the use of large church

bells from the sixth century, was at once applicable to the casting of guns in Europe. In

the east, and amongst the Arabs and Turks, there was nothing to learn,—bronze-founding

had existed, and been in continual use throughout Asia, from the days of Tubal.

We find, therefore, at the earliest period of bronze artillery, in Europe and the Eastern

Empire, castings made of a magnitude that has never been surpassed since. Gun-founding

in bronze, upon an equally large scale, had most probably been known in India from a long

anterior period.

At Marienberg, in Saxony, as early as 1408, a bronze gun, of more than 6 tons, was

cast; at Sienna, a gun, with separate chamber, carrying a ball of 375 lbs., and of a total

weight of 11 tons; 50 and 100-pounders, at Gand and Amsterdam. The crafty and

energetic Louis XI. had bronze bombards, throwing an iron ball of 500 French lbs., and

twelve very heavy guns of position, three, cast each, at Paris, at Tours, at Orleans, and at

Amiens, all between 1400 and 1500.

These guns, as well as some of Francis I., had no breech buttons (La Martilliere,

t. i., p. 245),—a proof that even yet (though, perhaps, with trunnions) the recoil was chiefly

received against the breech. These guns were usually cast with the muzzle downwards,

and upon a core, as was the case with a very large gun of nearly the same form, but of

eastern founding, and with oriental inscriptions in relief, taken by us at Acre, and now in

the Proof Department Square, Woolwich Arsenal.

The next century saw the greatest advances in the power of artillery, of any equal

period since its introduction. The corning or graining of powder, long in use for small

arms, was now substituted for the dusty meal powder, which had alone been previously

used for cannon, and universally applied on the Continent, though its adoption in England

does not seem to have occurred until about James I.'s time. (See " Tartaglia," and Preface

to Robins' Tracts.)

Charles VIII., Louis XII., and tlie Emperor Charles V., constructed large and effective

siege trains, and tlie first really field trains, " marchant sur I'affuts."

Guns of the heaviest class were still cast : at Milan a 70-pounder, at Buis Ic Due another.
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at Berlin an 80-pouncler, at Malaga another, at Bremen two 60-pounderg, at Rome in St.

Angelo a 70-pounder,—all date from this century, and show how difFascd and uniform, all

over northern and central Europe, the size and form of artillery had become.

In England, the earliest bronze guns are said to have been cast by one John Owen, in

1535, and that he was the first to produce a gun in cast-iron, about the year 1547.

I cannot find anything certain, however, as to the earliest production of cast-iron guns.

Blast furnaces (" haute fourneanx") for smelting, replaced the old Catalan methods, about

the commencement of the fifteenth century ; were known in the Hartz, in Westphalia, in

Flanders, and seem to have come to us thence, and were not uncommon about the middle

of the century. Their working must have become well known by experience, and the con-

ditions of yield, or quality of metal, pretty certain, before it were possible to produce cast-

iron guns of large size.

I know not what may be the earliest ascertainable cast-iron artillery in existence, or

what records there may be of first essays. There is in the Repository atWoolwich an 18-inch

Pierriere, captured at Corfu, with the date 1(584 upon it,—an early example of cast-iron.

Some old cast-iron 32-pounder3, cast in Charles II.'s time, 1660-1684, are mentioned by

Miiller (" Introduc. ArtilL," p. 22) as existing in his time. I believe there is also at Wool-

wich an old cast-iron gun, of late in Elizabeth's reign. The vast extensions in number and

power of guns, which the use of cast-iron has produced, however, seems mainly due to

England, Scotland, and Sweden, and to belong to a comparatively very recent date.

In the sixteenth and seventeenth centuries the multiplicity of sizes and forms of "ims

was extraordinary.

In England they might be reduced to the following classification and average sizes,

dimensions, and weights.
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To return to the period of the text to which this prolonged Note refers.

At periods anterior to the casting of bronze guns in Europe, cannon of enormous

magnitude appear to have been cast in India, by the Arabs and Turks. Colonel Symes

mentions a gun at Arracan, captured from the Burmese, 30 feet in length, 10 inches caliber,

and 2ifeet across the muzzle, which bore the appearance of great antiquity. The Indian

guns, however, of which I have ascertained the dates, are of a later period.

The great bombard mentioned in the text (and by Gibbon, "Decline and Fall," vol. xii.,

p. 197), as cast for the siege of Constantinople by the Turks, is stated elsewhere to have

thrown a stone shot of 600 lbs. weight. This would agree better with 11 palms circum-

ference of the shot, than 11 palms caliber, as stated by Gibbon and others, and coincide

pretty well with the guns brought by Mustapha against Malta, of 200 to 300 lbs., and with

those now at the Castles of the Dardanelles, which are probably of a not much later epoch.

Of these Bishop Pocooke, in his " Travels in the East," gives the following account :

—

" Guns at the Natoli Eski Hirsar Fourteen guns of brass, without carriages, loaded

with stone balls; eight others towards the south; two very fine ones amongst them, one

25 feet long, adorned with JJeurs de lis, which they say was a distinction used by the

Emperors of the East before the French took these arms, and I have seen them in many

parts."

Is it not more likely that these guns were captured from some of the orders of Christian

knighthood at Malta or Rhodes ?

" The other is 20 feet long, in two parts, after the old way of working cannon of iron in

several pieces. The bore of this is 2 feet, so that a man may sit in it; 2-1 quintals of powder

are required to load it, and it carries a ball of 14 quintals."

This would be about the weight of 2000 or 2500 lbs. for a stone shot of that diameter.

" At the new Castle in Asia, near the mouth of the Scaraander, are some very fine brass

cannon, the bores not less than 1 foot in diameter. There are twenty-one of them to the

south-west, and twenty-nine to the north, faces."

These guns have also been described by Baron deTott; but the most interesting account

of them that I have met with is that of Baron von Moltke, major in the Prussian service,

in his work " The Russian Campaigns in Bulgaria andRumelia in 1828-20," p. 528.

" The batteries on the Dardanelles, contain one hundred and eight 44-pounders, nineteen

60-pounders, thirty 121-pounders throwing iron balls, besides 63 kemerlicks or guns

which throw stone balls, some of which are 1570 lbs. weight. These gigantic guns are

some of them 28 inches in diameter, and a man may creep into them up to the breech

;

they lie on the ground on sleepers of oak, instead of gun-carriages, with their butts against

strong walls, so as to prevent the recoil, as it would be impossible to run them forward again

in action. Some of them are loaded with as much as 1 cwt. of powder.

" Baron de Tott gives a somewhat high-flown description of the ' earthquakes' produced
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by tlieir discharge. In the most of them the touch-holes are as large as the barrel of a

musket; the great mass of powder ignites slowly, and a good deal of it is always blown

out of the mouth.

" The report is very violent, but dead, and is not nearly so painful to the ear as that of

an 18-pounder in a casemate.

" It is easy to follow the ball, blackened with powder, with the eye, and it is frequently

seen to split into two or more pieces; huge jets of water are thrown up when it strikes

the surface of the sea, as the ball, fired off in Europe, slowly ricochets across the water

till it reaches the Asiatic shore.

" These giant cannons of the Dardanelles have this disadvantage, that they can only fire

straight before them, and that they take very long to load ; but then the effect of a single

ball that does hit, is tremendous.

" When Admiral Duckworth sailed through the Straits in 1807, all the preparations for

defence (vere of the most wretched description ; nevertheless, his fleet suffered considerable

injury, especially from the kemerlicks ; a granite ball of 800 lbs. weight, 2 ft. 2 in. in

diameter, to the great astonishment of the sailors, broke through the whole bed for the

anchor (carried away the bitts, probably ?) on board the Active, and, after crushing this mass

of strong timber, rolled slowly across the deck. Another ball carried away the wheel of

the Republic, and killed or wounded twenty-four men.

" The mainmast of the Wyndham was carried away, and the forecastle of the Royal

George, a 110-gun-ship, was shattered by a single ball, so that she was near sinking, and

could only be saved by very great exertions. Our readers are, no doubt, aware that in sea-

fights the holes made by the cannon-balls below the ship's water-line are plugged by men
appointed with conical pins of wood to prevent the water from pouring in. But it would

manifestly be impossible to plug a hole 2\ ft. in diameter."

I have quoted Moltke at length, as indicating the views of an experienced Prussian

officer, as to the value and effective power of guns of this large size, projecting balls at a

very moderate velocity ; both which have been very commonly sneered at by artillery

authorities. The last two years, however, have seen the introduction of iron-cased floatino-

batteries (said also to be due, in conception, to the genius of the Emperor of the French),

which, so far as they have been tried, bid defiance to the effects of any of the usual sizes of

siege or battery shot propelled at high velocities.

If we are to make the means of defence, again, equal to the means of attack which these

batteries have developed, it must be by providing our own strongliolds and harbours with

the means of throwing shot and shells ofenormous weight and at low velocities (500 to 800 ft.

per second), whose moraentiun shall not be arrested, or the shot shattered against and by
the inertia of the iron plates, but shall at a blow crush in a large portion of the side,

driving in both plates and timbers before it. Neglecting this until the hour of future peril



332 Mr. Mallet on the Phymal Conditions

shall arrive, we may find we have in these new floating batteries animated a Frankenstein

for our own destruction.

Returning to our trace of the progress of Indian gun-founding. In the latter end of the
'

sixteenth and throughout the seventeenth century,when the Mahommedan invading powers

had attained their greatest developments in power and wealth, the magnitude of many

of the guns cast by native monarchs or rulers is surprising, and the peculiar character

impressed by the habits of the country on some, not less interesting. Thus, at the Re-

pository, Woolwich, there is a very fine heavy gun, cast with large loose rings, several at

either side, and obviously intended to enable the gun to be slung, and carried between two

elephants. Perhaps the largest bronze piece in existence is at Bejapoor (called the Moolk

al Meidan, the Lord of the Plain) cast in 1685, with Persic and Arabic inscriptions in relief

upon it, as is usual with Indian guns.

Feet. Inches.

Length, 14 .S

Diameter at Breech 4 lOi

Diameter at Muzzle, .... 48
Caliber, 2 4

Its form appears to be that of an almost cylindrical howitzer, conical chambered, and

very similar to two very large guns of which models exist in the Repository, Woolwich,

cast by Captain Grifiilh,—one at the same place, and said to be given the same title in

1825:—
Feet. Inches.

Length, 14 3

Caliber 2

Thickness, 12

The other, called the Great Gun of Agra, cast at the Arsenal of Admenugger, in 1820,

in length, about 14 feet; caliber, about 21 inches; and the thickness about % a caliber.

A gun is said to have been cast at Agra, in 1628, weighing 60,000 lbs., or nearly 27

tons, (Piobert, " Traite," p. 147) ; and on the Common at Woolwich stands, as a trophy,

the immense piece captured by us at Bhurtpore, in 1826 ; for the following transcript of

the inscriptions upon which, and the drawings from which the engraving of the gun has

been made, I am indebted to my distinguished scientific friend, Colonel Portlock, R. E.,

Commandant, Royal Military Academy, Woolwich.
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Translation of the Persic Inscription on the largest Brass Gun taken at Bhurtpore, now on the

ArtiU&ry Parade Ground, Woolwich.

ON THE CHASE.

" The Father of Victory."

" The Reviver of Religion."

" Muhammad, Aurang-zeb, Alam-gir."

" The Warrior, The Victorious King."

The third line of the translation gives the three names of Aurang-zeb: their verbal

meaning is :

—

" Muhammad," Extolled.

" Aurang-zeb," Throne-adorning.

" Alam-gir," World-subduing.

" The Reviver of Religion" is a title peculiar to Aurang-zeb. The title of " The Father

of Victory" vras borne by Shah Alam, also ; the other titles are cominon to all the Mogul

emperors.

ON THE SWELL.

" Year of the Hejira, 1087."

" The 20th of the Reign."

1087 of the Hejira corresponds vcith A. D. 1677; according to Mohammedan chrono-

logists, exactly the twentieth year of Aurang-zeb's reign.

NAME OF THE GUN, UNDER THE EIGHT TRUNNION.

" The Gun, the aid of Ali."

Ali, the hero-saint of the Indian Mohammedans, is invoked by them in every diffi-

culty, and especially in battle. His titles are:—" The Victorious Lion of God," " The

Remover of Difficulties."

ONDER THE LEFT TRUNNION.

According to the weights of Shah Jehan.

" The Ball, 30 sirs."

"Powder, 10 sirs."

The weights and measures, as established by the Emperor Shah Jehan, are those still

used in Hindustan.

The sir is about 2 lbs. avoirdupois.

The verbal meaning of Shah Jehan is, " King of the World."

The gun weighs about 17f tons.

VOL. XXUI. 2 X
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Feet. Indies.

Extreme length, 16 4

Caliber, 8

Diameter at base ring, 3 3

Diameter at first reinforce 2 2-^

Diameter at second reinforce, . . . . 2 11

J

Diameter at muzzle, 2

Its proportions indicate a good deal of knowledge of the relative strains at various

points along the length of the axis; but the metal is badly distributed, owing to sudden

changes in the diameter, &c. Although highly ornamented, and most of the inscriptions

and relievo-work well brought up, the casting is, as a gun, bad, porous, and vesicular;

and the bronze is obviously an uncertain ternary or quaternary alloy. I incline to

believe that it was cast upon a core, and with the muzzle down. The tasteless gun-car-

riage of cast-iron, painted to imitate bronze, upon which the gun rests, was made in

England.

Interesting as it would be to pursue the history of artillery down from the seventeenth

century to the present, it falls not within the scope of a Note, already too long ; for this

the great work of the present Emperor Napoleon, " Sur le passe et I'Avenir d'Artillerie
;"

Marion, " Recueil sur les Bouches a Feu les plus Remarkable ;" and others, may be con-

sulted. My object has been to present a sketch, only, of the origin and early history of

gunpowder and of artillery, conceived, as I believe, in a more philosophic spirit than that

in which the subject has been treated (so fiir as my information goes) by professed archa;o-

logists,—by viewing the subject, not by the mere dim lamp of scholarship only, but

upon the broad principles that regulate all human material progress, and in relation to the

endowments in natural substances and conditions, which have been locally given or with-

held from nations, and to the great movements in time of the human family upon the

earth. And thus examined, it would seem that, as in the kindred art of Fortification, no

individual claim can be established to its two most salient inventions, earthwork and the

bastion, but that they grew up with the necessities that called them forth ;—so can no

personal claim to inventorship, for either gunpowder or cannon, be sustained, nor even for

priority of publication in Europe, of discoveries that most probably originated at the earliest

seats and in the earliest epochs of mankind, and by the (so-called) accidental results of the

observation of phenomena, produced by the reactions of some of the spontaneous produc-

tions of nature, in some of the most primitive operations or arts of man.

A second object has been, to dissipate the argument that has been drawn from the

early abandonment of wrought-iron cannon, against the use of this material for ordnance

at the present day, by showing what were the true conditions and circumstances that

affected and produced that change.
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Chronology of the Use of Wrought-h'on for Artilknj.

The following chronological notices, collated from " Meyer's Historical Manual " and

other sources, puts tlie more remarkable facts relating to the history and progress ofxvroughi-

iron cannon in one view, from the period already referred to, when the early wrought-iron

bombards and serpentines had gradually got out of use, or rather, shortly after, when the

use of wrought-iron, in other forms was revived, up to a recent date.

In 1494, Charles VIII. suppressed wholly wrought-iron bombards, and had no other

artillery than that of bronze. With the exception of the occasional use of an old bombard

(as in the defence of St. Dizier, in 1544), little notice is to be found of wrought-iron guns

in any form for nearly a century, when they again begin to excite attention, revived in

various forms.

There is in the Museum at Paris a wrought-iron piece, of 1555, very long, but of

small caliber, with a movable breech.

There were at Strasbourg, in 1833, several wrought-iron cannon, bearing the date of

1602, some of which were made to load at the breech.

1621. The cannon called ahraga are found in use, loaded by means of separate cham-

bers. These pieces were usually of wrought-iron, and of calibers as high as 100 lbs. Sarti

saw some at Gand and at Amsterdam, one of which weighed 33,000 lbs., where they were

used principally on board of vessels. Venice had many pieces (50-pounders) of this kind

on board of her galleys, where they were mounted on carriages. The chambers were of

wrought-iron or bronze, three for each piece. They were fixed in behind by means of

wooden wedges; at the moment of firing, those serving the gun stood on the sides. Those

of the Mary Rose were of this class.

In 1660, there was cast in India a large bronze cannon, with a wrought-iron lining to

the bore of six inches diameter, weighing 7726 lbs.

There is at Berlin a wrought-iron piece, of the year 1661, for a 2-oz. ball, and rifled

with thirteen grooves, with a screw breech, and a sight turning on a hinge.

There was at Woolwich (in 1830) a wrought-iron piece, made at Nuremberg, in 1694,

and at Zurich, of the same date, an old wrought-iron cannon, composed of many gieces,

easily separated from each other.

In 1697, there were made some wrought-iron pieces, composed of bars wrapped round

a core. An 18-pounder of this kind burst at the first fire.

In the " Recueil des Machines approve par I'Academie des Sciences," t. iii. p. 79, an

ingenious arrangement is figured and described, of M. Villous, for forging wrought-iron

guns solidly, with the bore ready formed. They were made of annular discs, separately

and successively welded together by "jumping," upon a maundrell. The plan has some

2x2
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real merits, and might be possibly improved. It appears to have been produced about

1716 ; and the notice adds, that "such pieces were made by the author, at the Port de

Marli, and some are in the Arsenal of Paris, in 1735."

The wrought-iron cannon made at Ocona, in 1744, stand well the proofs to which they

are subjected. These cannon are now (1832) in the Museum of Paris. They are of calibers

of 3A and 2i inches; 5 ft. lin. long. One of them weighs 210 lbs.

1747. Senner fabricates cannon of wrought-iron, the bores of which were grooved, and

the bottom of the bore movable.

1753. There is at the Arsenal of Paris a handsome wrought-iron 12-pounder, the manu-

facture of Gentin, weighing IGOO lbs. It was made solid, and bored out.

1758. Hannoteau, in Paris, proposes wrought-iron cannon, with the inieiior of the chase

lined with copper or bronze.

1760. Chev. D'Arcy (" Theor. d'Artillerie") proposes cannon oi wrought-iron square

rods, wrapped round and brazed together.

1764. There are at the Arsenal of Paris three wrought-iron cannon—one 12, and two

8-pounders. These pieces, made on maundrells, are composed of longitudinal bars, covered

with rings, the whole welded together.

1765. Anciola caused to be made at Paguloga, in Spain, three wrought-iron pieces,

one 4-pounder, long, one 4-pounder, short, and one 8-pounder. Bars of iron were used,

of 1| inches in thickness. These pieces, forged solid, and afterwards bored and turned,

sustained without injury the proof-firing, with charges of two-thirds of the weight, and the

whole weight of the ball. A royal order directed the fabrication, in the same manner, of

two 24-pounder cannon (weight, 20 quintals, 4400 lbs. English), two 16-pounders (19

quintals, 4180 lbs. English), and two 12-pounders (16 quintals, 3520 lbs. English). Some

of the pieces were cracked in the proof In one of these a new breech was put, and it

stood proof. They were forged by hand.

There was at Paris, in 1830, a very handsome wrought-iron mortar, 6i inches bore,

weighing 220 lbs., and made in 1775 at Madrid, by Ortega. The collection at Woolwich

contains a German wrought piece of 1775.

Texier de Norbec saw at St. Sebastian, in 1780, wrought-iron cannon proved at that

placer, in 1766, and which had remained since that time under an open shed. They were,

he says, but little affected by rust.

1782. In France much interest is taken in wrought-iron pieces. Langevin makes two

4-pounders to the order of Marshal de Castries; and Bradelle, of Bordeaux, made many

for the owners of privateers, at the- rate of twenty-five sous per pound.

1792. The celebrated Monge, in his large work, "Description de I'Art de Fabriquer

les Canons," strongly advocates the advantages of substituting wrought-iron for bronze;

and adds, that the trials made in Prance at the forges of Guerigne, and at those of Cebada,

in New Castile, had been crowned with success.
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1796. In France, bronze artillery proves again to be of little durability. La Martilliere

supposes that at the peace there will not be less than 1410 of tliese cannon to be recast,

being completely unserviceable. He proposes to make, of wrought-iron, small chambered

pieces, such as were formerly used at sea, loading at the breech, to replace them.

1804. They manufacture in France wrought-iron piece.''.

1812. Fabrication of a wrought-iron 3-pounder at Glciwitz.

1813. In France the Iron Company of St. Etienne ofTers, during the frantic efforts

made to restore the vast materiel lost in 1812 by Napoleon I., and instantly required for the

impending campaign, to deliver daily eight 24-pounders of wrought-iron. An 8-pounder,

presented for trial, sustains four discharges with 3 lbs. of powder, and five with 4 lbs. This

piece appears to have been composed of hars wound round an inner ivelded iron tube, and

joined into one mass with silver solder, and a screw breech. The cost of fabrication was not

to exceed that of recasting bronze pieces.

1820. Professor Persy, in his Notions on the Forms of Cannon, proposed to forge iron

pieces on a core.

1820. Mallet and Pottinger supply wrought-iron 3-pounder guns, forged in one piece

with screw breeches and flint locks, for the Coast-guard Service in Ireland, to the British

Government.

1828. Horton takes out a patent for wrought-iron cannon. The wronght-iron cannon

made at Gleiwitz in 1812 is proved. It becomes much heated, and cracks; but sustains,

notwithstanding, a great number of rounds, with a charge of powder half the weight of

the ball.

1830. A cannon made of bar iron, wrapped spirally, and soldered with copper (hard

soldered) does not sustain the proof fire.

Meyer, in his " E.xperiences sur les Bouches a Feu," &.C., says:—Mr. Rhodes, a skilful

and practical naval constructor, employed for some time by the Turkish Government,

states that there are (in 1834) in the Arsenal at Constantinople, many wrought-iron cannon,

of calibers varying from 100-pounders to the smallest sizes, which are no longer con-

sidered suitable for service. By direction of the Sultan, some of them have been cut

up, both in cross sections and longitudinally, to ascertain the manner of their fabrica-

tion. They were found to be composed of bars surrounded by bands, like the staves and

hoops of a cask,—the whole united together, those of larger size being formed on a maun-

drell, and the smaller ones forged solid, and bored out. There were several successive

series of these bars and hoops, laid on each other to make the requisite thickness of the

metal, and the junctions of these layers, as also of the bars and hoops of tlie same layer,

were distinctly perceptible.

1843. The large wrought-iron gun, which afterwards burst on board tlie Princeton, is

constructed by Messrs. Ward, of Massachusets, U. S.
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1845. This gun is replaced by one forged by the Mersey-steel Company, Liverpool,

which stands the proofs.

1845-47. Treadwell, Mechanical Engineer of the United States, proposes and carries

into eifect the manufacture of wrought-iron cannon, by an improvement of Villons's process,

welding together successive hollow disks of wrought-iron on a maundrell, by the pressure of

an hydraulic press, in place of blows ; 6, 9 and 12-pounders stand proof in America, and a

32-pounder at Vincennes.

Some beautifully formed small guns, forged each in one piece, at Erzeroum, were

in the Exhibition of 1851.

1852. Captain Simmons, R.E., and Mr. Walker patent a wrought-iron gun (in

which it is not clear what is the patentable novelty). The gun itself, made for Govern-

ment, a 32-pounder, stands repeated trials at Shoeburyness. The gun-carriage, of iron, is

very similar to Perring's, patented in 1817.

1854. Innumerable propositions are made for the construction of wrought-iron guns,

some of which are submitted to trial at Woolwich, and fail. Amongst these propositions

are :

—

Wrought-iron guns of wire wrapped round an iron tube, brazed or not.

Wrought-iron, lined with tubular chase of bronze.

Bronze gun lined with wrought-iron tubular chase; this was done at Strasbourg

a century ago, and failed.

Welded twisted barrels, formed by screwing into each other spirals of triangular

section, one being reverse to the other, and then welding.

Wrought-iron guns, formed of boiler-plate wrapped upon itself, or upon a central

tube, and many other such schemes.

Mr. Nasmyth undertakes an enormous gun of 13 in. caliber, and fails to forge it.

1855. An 8-in. gun, forged of wrought-iron at the Gospel Oak Works, bursts at Wool-

wich at proof The iron of fine, but unfit quality; welding largely defective. (See

Note Q.)

Dundas and others produce solid forged guns (9 and 12-pounders) for proof at AVool-

wlch.

185G. While these sheets are passing through the press, Messrs. Horsfall of Liverpool

have completed and proved with a solid shot of 300 lbs. and 45 lbs. of powder, an enor-

mous wrought-iron gun, 13 in. caliber; 13^ ft. length of chase,—perhaps the largest and

most remarkable forging ever made ; and two wrought-iron mortars of 36-in. caliber,

built up of separate pieces, on principles developed in the text, from the author's designs,

are nearly completed for the British Government.
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Note referred to m Page 314.

^^ Early Use of Charcoal Fuel.—There are five different words in the Hebrew Bible which are all rendered "coal"

in the Authorized Version. Of these, I'inW (schehhor), which is foxind in Lamentations, iv. 8, does not come under con-

sideration here, the exact meaning of the term being ' blackness,' as it is correctly translated in the margin. With regard

to the remaining four, viz.—ona (pehham), rhm (gahheletli). nSYT (ritzpah) nyn, and n^;! (reschiph), we cannot gather

any clear idea from their derivation, as to the nature of the substance meant.

" The first term, cnSi is used to signify both carbo and pruna, i.e. coal or fuel, either not ignited or in a state of combus-

tion ; but it seems more properly to denote IhQ former; the root signifies, * to be black.' In Proverbs, xxvi. 21, we meet

the following passage :—
• As coals (opiSi carbo) are to burning coals (D^Sn^T gehhahm, prttna), and wood to fire,' &c. From

TV • T

:

this passage, by itself, we might possibly infer that the qpb, ' coal,' as distinguished from the D«yy (etsim 'wood,') imphed some-

thing of a mineral nature, especially if we couple the idea of ' blackness* with that of fresh, not yet ignited fueL The term

nSnj (gahheleth) is that most commonly adopted to signify ' burning or lighted coal ;' and it certainly, in the majority of

instances, is used in reference to wood: e.g.— Isaiah, xliv. 19 :
—

' I have baked bread on the coals thereof,' i.e. on the coals

of the same wood out of which the idol was made. And again. Psalm cxx. 4, coals of juniper, c*i;ni ''ni (gahliale retha-

mim), i.e. oijuniper wood, wliich, like the tamarisk among the Arabs, was supposed to make the hottest and most lasting

fire. The 'coals of tire from the altar,' Levit. xvi. 12, seem to mean lighted billets of wood.

"The term nSVi (ritzpah) is found only, I believe, in Isaiah, vi. (5 ; and there our English version renders it 'a live coal;'
T :

•

but the lexicographers say, that it rather means 'a Aea^e(/5(one,' the derivative pointing out a stone such as was used in forming

tesselatedpavement. A word of kindred form and origin is met in 1 Kings, xix. 6 :
—

' Elijah looked, and behold a cake bakeu

on the coals,' d'BVI niV (uggath retzaphim), literally, a cake (baken) on stones, heated stones. As for the last word, h^'n

(reschaph), translated ' coals,' in Deut. xxxii. 24 (Marg.), Song of Solomon, viii. 6, and Habak. iii. 5, it rather means the

heat and flame of fire, than the material producing it."

To my learned friend, the Rev. William Carroll, A.M., Vicar of Glasnevin, coimty of Dublin, I owe the above.

I have abstained from any similar attempt to ascertain the earliest notices of nitre, as to which a great deal of learned,

but, to our subject, not very pertinent matter, may be foimd in Beckmann, " Hist. Invent.," because, however important it

would be to the history of gunpowder in Europe to ascertam whence its early supplies of nitre came, the question of its

earliest written notices in Europe are unimportant; and in Asia it existed as a ^videly diffused natural product always ; it

would, therefore, be impossible to show a time when it was not known iu this, the seat of the first known use of gunpowder.

—R. M.

Note B.—(Sect. 1.)

Shell guns, almost limited at first by their chief proposers to the subordinate place of

throwing hollow shot or shells, at moderate velocities and low elevations, against earth-

works, but principally against shipping, where the shattering and splintering effect of such

projectiles is legitimately applied, have had, within the last ten years, a preponderance in

number and application given to them, especially on board ship, the evils of which Sir

Howard Douglas has fully exposed in his *' Treatise on Naval Gunnery."

In place of whole tiers of hollow shot guns, of large caliber, of proportions unsafe for, or

even incapable of bearing, the discharge of solid shot, with full service charges, the improve-
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ments in naval construction, as well as the necessities of coast attack, developed within the

last year or two, have forced attention to the necessity of providing our ships with guns,

that shall throw solid shot of the greatest possible weight, and with the highest velocities

and longest ranges.

After lengthened experiments and niany difficulties, it had been found that shells, up to

10 inches diameter, could be thrown at nearly horizontal ranges, and at high velocities, from

shell guns. The success was pushed too far. It was said that the new method rendered

useless tjie older notions of throwing shells by vertical fire, and that mortars were no longer

needed. The result was, that when the hour of trial came, we possessed scarcely any

mortars, and no mortar vessels, and did not know how properly to construct either.

Experience, gathered when it had become too late to employ it, proved how widely we

had erred, in abandoning and underrating the ancient methods of bombardment.

So far from being fitly abandoned, it soon became evident that the adoption, upon

a larger and more extended scale than had ever before been known, of the system of case-

mated fortifications, for coast line fortresses, on the part of the enemy, would compel us to

reinforce the ancient powers of vertical fire, by increase of range, velocity of descent, and

weight of shell, if we were to produce any effect in that way upon these formidable defences.

Upon examining into the comparative increase of efiect that might be expected from

increase of diameter of shells, above those ordinarily in use, I found, with some surprise,

that the military literature of Europe, so far as I had access to it, did not contain an

attempt even to ascertain this in a rigid manner. Tables, indeed, exist in foreign services

(imperfectly in ours) of the range, deviation, penetration, &c., of the three or foiur sizes of

shell, long in common use ; but it does not seem to have ever occurred to any military

author to discuss these into general laws with relation to the variable diameter of the shell;

or if, admitting their basis"to be too narrow for such a discussion, to determine, a priori,

the physical and dynamic laws which, applied to shells of difl^erent magnitudes, would

enable such a comparison of efl!ect to be made.

Having proposed to Government, about the latter end of 1854, the construction ofshells

and mortars of 36 inches diameter, for certain special services, I found it necessary to make

some such investigation, to compare the efiects of shells of 36 inches diameter, and of given

proportions, with the largest existing shells then in the British service, viz., 13 inches

diameter.

The following is an abstract,—I make no apology for adding it to this Note, as forcibly

indicating the value of increased magnitude in hollow projectiles, and of vertical fire.

Relative Powers of Shells, in proportion to their Dimensions.

In the attack of fortified places by bombardment, the efficiency of similar shells, thrown

with equal address, would seem to depend upon

—
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1°. Penetrative power, which, unlike that of solid cannon shot, does not depend

solely upon the nature of the resisting medium, the diameter and velocity of

the ball, but in the same medium is a function of the diameter and weight,

or density, and of the velocity of descent.

2°. Explosive power, in the direct ratio of the weight of included powder.

3°. The levelliug power, or extent of the area of demolition, a function of the ex-

plosive power, or of the weight of Included powder.

4°. The fragmentary missile power, dependent upon the mass, average number,

and distance, to which the fragments are thrown.

5°. The moral effect, resulting from and proportionate to, the destructive effects of

each explosion, and upon the degree in which it is possible to guard against

or to escape them.

With spherical, similar shells, and charges, it is probable that the penetrative, explo-

sive, and missile powers increase, at equal velocities, with the weight of iron and of powder,

nearly as D* (the external diameter), within certain moderate limits ; but when the diameter

of the shell shall greatly exceed the largest hitherto employed, the powers upon which the

efficacy of the missile itself depends will be found to increase in a far higher ratio. The

maximum range, due to projection at equal angles, and with proportional charges of pow-

der, will be found also to increase with D.

From the middle of the seventeenth century when Malthus,—an English gentleman,

and apparently not a soldier,—having learned the practice of throwing shells in Holland,

perfected the system for the French (being the first to throw them in France, at the

siege of La Mothe, in 1643), up to the present time, but very slight modifications appear to

have been made in the diameters of shells in established use throughout Europe. Borrowed

from the old French standard of a Paris foot in diameter, the 13-inch shell appears to be

about the largest employed in any service. England, Hanover, Spain, Russia, and Sweden,

use shells larger than those of the other European powers, and those of Russia and Sweden

a little exceed all the rest in. size.

Hollow projectiles are said to have been used, on the earliest recorded occasions—at

Naples, 1495; at Padua, 1509; at Heilsberg, 1520; at Mezieres, 1521; at Rhodes, 1522;

and at Boulogne, 1542; and were made of wrought-iron, of bronze, of alloys of lead and

tin, and finally of cast-iron, as now. Although limited, in the seventeenth century, to the

existing sizes, the preceding century witnessed the use of bombs (cominges) of a very

much larger size. At Boulogne, as early as in 1542, shells of 19 inches, French ; at Berlin,

in 1683, shells of 1100 lbs. weight, existed ; at the bombardment of Genoa, in 1684, shells

of 1320 lbs. were thrown ; and even as late as 1745, at the siege of Tournay, the

French threw shells of 18 inches, weighing 550 lbs. See Valturius, " De re Militari,"

Paris, 1534; Gentilini, " Instruttione dc Artiglicri," Venice, 1598; Biringoccio, " Piro-

VOL. XXIII. 2 Y
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technia," Venice, 1550; and Collado, " Practica Manuale del Artiglieria," Milan, 1G41.

The French found, on taking Algiers in 1830, numbers of shells weighing nearly 900 lbs.

;

and the Swedes, in 1642, used shells of 462 lbs. weight, and holding 40 lbs. of powder;

and, in most arsenals of Europe, an old shell or two, from 16 inches to 18 inches diameter,

may be found preserved as a curiosity.

With the exception, however, of the attempt made by the French, in 1832, to construct

a 24-inch mortar, and apply it at the siege of the citadel of Antwerp, no essay seems to

liave been made in recent days to realize the vast increase of power that such large shells

must confer; scared, apparently, by their former abandonment, which (Antoni, " Uso

delle Armi da Fuoco," Torino, 1780, states) arose from the awkwardness of loading, which

prevented more than one discharge in forty minutes, and from the great cost of the manu-

facture of such shells in the condition of iron-founding at that time. A 20-inch mortar

was cast in England, some years since, for the Pacha of Egypt, a solid shot from which,

on proof at Woolwich, penetrated the butt to an enormous depth ; but it never appears

to have been used.

The " Monster Mortar" ofAntwerp, as it was called, was designed by Colonel Paixhans,

and cast, at Liege, by direction of Baron Evain, Minister of War. Its form was crude ; a

mere cylinder, embedded in a mass of timber. The dimensions of the mortar were :

—

Inches.

Total length, 59

Diameter outside, 39-5

Caliber, 24-5

Length of chase from top of chamber, . 27

Depth of chamber 19

Diameter of chamber, 9

When afterwards burst at Brasohaet, the casting was found to present those defects

which, upon principles developed in the text, are inevitable to huge masses of cast-iron,

suddenly varying in solid dimensions.

The weight of this mortar was 14,700 lbs. ; that of its bed, 16,000 lbs. ; the weight of

the empty shell was 916 lbs. ; the charge, 99 lbs. of powder
;
giving a weight for the shell

in flight of 1015 lbs. The chamber of the mortar would hold 30 lbs., but about 12 lbs. of

powder were found sufficient to throw the shell 800 or 900 yards. When brought into

position against the Citadel, at about 1000 yards range, after one or two preliminary

trials, it was found that a shell could be fired about every forty minutes, the loading being

performed by an awkwardly constructed balanced lever or " chevalet." But few shells,

however, were fired,—not above twenty in all,—all those provided, which had only an

average thickness of about 2 inches, being fovmd so weak about the " culot," or bottom of
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the ghell, that they rarely resisted the shock of projection, and burst near the mouth

of the mortar, while the fuzes of others seemed to be bad. The very few, however, that

were fired successfully, produced effects so formidable, that the capitulation, which took

place before the breach was practicable, and within a kw hours from the explosion of the

first shell, was presumed to have been much precipitated by the persuasion of the Governor,

General Chassc, of the impossibility of maintaining the fortress under their continued fire.

One of these shells fell within a few yards of the principal powder-magazine, but did

not explode ; had it fallen on the magazine, which was presumed bomb-proof, it was the

universal opinion of military engineers present, that it would have pierced the arch. The

magazine contained above 300,000 lbs. of powder: its explosion, therefore, as in the case

of the magazine accidentally blown up at St. Jean d'Acre, would have settled the contest

at a blow.

This mortar, than which a more unwieldy, ill-constructed, and unmanageable instru-

ment could scarcely be conceived, was afterwards burst in experimenting with it on the

Heath of Braschaet. After having been fired with various charges, i'rom above 40 lbs.

downwards,—by which it was ascertained that less than half this quantity sent the shell as

far as the greater,—a charge of only 9 kilo. = 19'845 lbs. of powder, burst it.

The unsatisfactory practice of these shells at Antwerp, as the author had opportunity

of knowing, arose from their defects of construction, from the extreme awkwardness of the

construction of the mortar and of its bed, and of the means employed for handling and

loading these heavy shells. Some experiments were made, in 1833, at Braschaet, which

proved that these shells, thrown to about a range of 3000 feet, at 45°, penetrated into the

solid earth of the Heath from 7 to 8 feet, and that the explosion of the bursting charge of

only 55 lbs. produced a crater of about 20 feet diameter. The splinters averaged from

twelve to fourteen, and were thrown an average distance of about 100 feet.

This appears to be the largest scale upon which any attempt to throw shells, of a size

to be properly termed " Transferable Mines," had been made up to 1854.

The weight of a 13-inch shell in flight varies from 180 lbs. up to 230 lbs. : the Antwerp

shell weighed as much as about five and a half such shells.

We are now to compare the 13-inch with the proposed 36-inch shells.

The weight of iron in the empty 36-inch shell may be assumed at 2481 lbs., and the

weight of bursting-powder, supposing the internal cavity full, at 480 lbs.,—so that the total

weight of the shell in flight would be 2966 lbs., or above 1;^ tons.

Assuming the angle and altitude of projection to be the same, and hence the velocity

on reaching the earth, neglecting resistance of the air, the penetrative effects of this shell,

as compared with a 13 -inch shell, will be directly as their respective weights, or as, say,

200:2966, which is nearly as 15 to 1 in favour of the large shell, supposing the surfaces

of impact the same.

2 y2
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In imperfectly elastic solids, such as masonry, brickwork, earth, &c., the resistance to

penetration, immediately after impact, may be assumed to vary as something between the

diameter and its square ; it will certainly be much less than proportional to the areas of

the great circles of the respective spheres.' It will be safe, therefore, to say, that the

penetrative power of the 36-inch shell will be at least sixfold that of a 13-inch shell.

Experimental data are wanting to enable any precise calculation to be made for any

given material. We do not know in what way or to what extent the surrounding material

is moved or compressed. A 13-inoh shell penetrates solid sand and earth about 2-5 feet;

the Antwerp shell penetrated such earth about 7-5 feet, or three times the depth, its weight

being about five and a half times as great.

The 36-inch shell might, therefore, be presumed to penetrate at least 15 feet into com-

pact earth; and, upon exploding, to excavate a crater of 40 feet in diameter; and, as a

depth of about 6 feet in earth has been found to give the maximum excavation or crater

li'om the explosion of a 13-inch shell, so this depth of 15 feet would give about the same

result for the 36-inch.

Thrown at a low velocity, the resistance of the air, to shells in flight, is, perhaps,

directly proportionate to the area of their great circles, or to D'^ ; or, in this case, again com-

paring the 13-inch and 36-inch shells, to 169 : 1296, or as 1 : 7-66, or nearly as 1 to 8.

The energy of motion, however, or their respective powers, at equal velocities, to

overcome this resistance, is as their respective weights, or as 200:2966, or as 1: 15

nearly.

The retarding to the moving forces, therefore, in the two shells, are as

—

8: 15,

or nearly 2 to 1 in favour of the large shell.

It is certain, therefore, that much smaller proportional charges of projection may be

used for equal ranges with these large shells; and that, with equal projectile charges, the

velocity of descent from the trajectory will be much greater.

The projecting charges for 13-inch shells varies from 15 to 20 lbs., the extreme range,

at 45°, being 4700 yards, or 2-10 miles.

Assuming equal horizontal ranges at equal elevations, as due to equal velocities, the

charges for projecting different shells with equal velocities must be in proportion to the

work done in each case ; or as

MV'-.M'V
or as

3/: J/- when F= F'.

This would give a projecting charge at maximum of nearly 140 lbs. for the 36-inch shell

;

but, as indicated in the text, the proportional effects of very large masses of powder are
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greater llian those of small bulks. Less tlian one-half of this charge would probably be

sufficient in practice for every requirement.

As the relation between aerial resistance and momentum, however, has been shown

to be as nearly 2 to 1 in favour of the 36-inch shell, there can be no doubt that, with ;i

proportional charge, a range very much above that of a 13-inch shell could be obtained,

and tliat an extreme horizontal range of from three to four miles might be anticipated.

Such extreme ranges, however, are not the important question or advantage as respects these

large shells, whose most valuable and effective uses, would probably be found at much less

distances, or within a range of 1000 yards.

Before dismissing the subject of the penetrative power of these large shells, one more

remark should be made.

In the destruction of buildings, &c., it is all important that the shell before explosion

should enter the interior. This always involves questions of relative inertia, in which the

greatness of the mass of the falling shell, as opposed to the mass of the body to be moved or

pierced, whether arch, floor, or solid earth, are elements. It is almost inconceivable how

vastly greater will be the shaking and dislocating effects upon structures, of a mass falling on

them of 1| tons weight, as compared with the insignificant weight (200 lbs.) of a 13-inch

shell, which with difficulty pierces through a well-made brick arch, of moderate span,

and three bricks thick. It seems probable, that not one of the cascmated forts of the

Russian fortresses could sustain the shock of the fall of a 3G-ineh shell, without total dislo-

cation.

Authors on military architecture state that vaults of masonry of 40 inches in thickness

are to be considered bomb-proof, and the tables of fire give a penetration into masonry of

13-inch shells, at extreme ranges, of only 3 or 4 inches. At the siege of Tournay, in 174.5,

forty or more bombs are said to have fallen upon the magazines, without doing much in-

jury. One element, however, seems to be omitted by all authors who have treated of this

subject, namely, the span of the arch, the weakness of which, to resist the shock of shells,

must increase more rapidly than the width, for equal depth of voussoir, and very much must

depend upon the character as to weight, elasticity, and crushing resistance, of the material

itself of the arch. A heavy, moderately soft, tough brick arch, well jointed and bonded,

will probably offer a much greater resistance, for given dimensions, than one of hard, elastic

stone, unless the latter be in very heavy blocks.

The explosive power of any shell being, as stated, directly proportionate to the weight

of powder it contains, it might seem at first that the destructive effect of the explosion in

shaking and levelling buildings, &o.,will have a focus or area of action in the like proportion.

The explosion of a shell may be regarded, at the first moment, as equivalent to the sudden

creation of a sphere of elastic gases, equal to, say, about one thousand times the volume of the

contained powder. This produces, by its sudden expansion, a blow or pulse upon the sur-
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rounding air, which is propagated outwards, in all diretions, in spherical shells or waves,

moving with uniform velocity, which is about equal to that of sound in air, but with a

continually decreasing range of pulse or amplitude of wave oscillation. As the distance from

the point ofexplosion increases, the quantity of elastic matter in motion, at any moment after

the explosion, must, in accordance with the general mechanical law of the conservation of

vis viva, be equal to that in the original spherical generating wave, to whose volume

that of every subsequent spherical shell must be equal also at the same phase of the wave,

or at the instant of equal density. The surface of each spherical shell increases in the ratio of

R-, and if the entire phase of the wave (i.e. the oscillation to and fro) be 2a, the impulse

at any point of the surface of any spherical shell, at the distance R from the origin, is pro-

portional to -r—=-.
Za it-

The shock, or overturning power of the elastic wave, or, what is the same, the energy

of the explosion in overthrowing objects, is at every point around (above the earth's

surface, upon which we may suppose the shell to explode) inversely proportionate to the

squai-e of its distance from the focus of explosion. In fact, it follows the law of light, and

sound in air. But the amplitude of the wave is originally proportionate to the weight

of powder exploded. A determinate extent of oscillation is necessary to overturn or destroy

any given object, whether it be to overturn a wall or to break a window ; therefore, any

such object will be overthrown by imequal quantities of powder at distances greater as the

quantity is greater. This is the power of demolition in any radial direction round ; and

as this power acts alike within a circle having this for its radius, and whose area is propor-

tionate to R\ the total power of demolition, therefore, of any shell varies directly as the

square of the weight of powder exploded.

Comparing, then, the 13-inch and 36-inch shells, the total power of demolition is as

12-: 480°, or as 144: 230400, or as 1 : 1600; and equal demolition will take place at radial

distances from the point ofexplosion, greater in the ratio of 40 : 1. Nor can it be con-

cluded from this, that the extent and character of demolition would only be that of forty

13-inch shells: for it is obvious that the explosion of the 36-inch shell will be capable of

overturning or destroying objects which the explosion of a 13-inch shell, or of any number

of successive 13-inch shells, however great, could never move at all.

The missile power of the shell as against fixed objects (and such shells are not intended

to act against troops, but against the material, buildings, and other essentials of fortified

places, or against shipping) depends upon the total weight of fragments, and on the dis-

tance to which they are projected ; the latter will vary about as the vtv, the exploded

powder, for a given weight of shell; hence, in the 13-inch and 36-inch shells, as

190 X %/l2: 2486 x ^480, or as 665:54443, or as 1:81. In this respect, therefore,

the large shell is above eighty times as destructive as the largest now employed.
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The fragments of 13-incli shells are stated sometimes to range nearly 2500 feet

(Piobert).

The number of fragments with similar proportioned shells would probably be the same

from both, about twelve or fourteen ; but if the 36-inch shells were somewhat thinner in

proportion, the greater energy of the included bursting-charge, would produce a greater

number of fragments. A few large fragments will, however, be generally most advan-

tageous with these large shells. And here again, for the same reason that one heavy shot

may batter down an object upon which any number of much lighter shot would produce

no impression, so the heavy fragments of the 36-inch shell will go through, or batter down

walls, &c., upon which those of 13-inch shells would have no effect whatever; besides

which, the largest of the fragments of the 36-inch shells will often be flung to distances

vastly greater than the average here assumed.

Upon the moral effects likely to follow the use of these powerful shells it is not neces-

sary much to enlarge. No splinter proof, no ordinary vaulting, 'perhaps no casemate,

exists, capable of withstanding the fall and explosion of such masses, one of which would,

no doubt, sink the largest ship of war or floating battery, upon which it descended. A
single shell, which fell upon " Le Terrible," in 1690, pierced through her upper decks,

and exploding between decks, in its descent, clearing away much of the upper works of her

sides, blowing away all the poop, and killing or wounding one hundred of her men. At

the siege of Namur, in 1746, a single shell, exploding after it had buried itself (in

probably, stony ground), killed or wounded thirty men. Sir Howard Douglass (" Naval

Gunnery") has given many remarkable examples, also, of the tremendous effects of shells.

No precaution, therefore, could save either town or garrison, from such shells; the

" rayon" of demolition of each of which would be so appalling, that it might rather be

viewed as a suddenly transferred mine, than a mere shell. Wlierever such a shell happened

to alight in a fortified place, its effects would be formidable : if even on plain open ground,

at some distance from buildings, it would bury itself, and its explosion dig out a formidable

crater, driving the excavated contents far and wide, and rending the earth around for

at least double the diameter of the crater. The shock of each explosion would extend

so far, destroying windows, doors, and roofs, that the place would rapidly become wholly

exposed to the weather. The undulation of the ground itself, produced by such explosions,

would often be sufficient to throw down lofty buildings with narrow bases, such as columns,

chimneys, obelisks, &c., beyond the actual radius of demolition.

The fuzes of such shells, may best be timed abundantly long, to insure the shells fallino-

before they shall burst. The huge weight of the shell, defies any attempt to remove it;

and the fuze-tube should be made of a size to give a volume of fire, that should defy any

attempt to extinguish it, and to prevent extinction by the shell burying itself in the

ground.
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As respects proportionate deviation in range and in direction, and hence probability

of striking a given object, it appears from the French Tables of actual practice in service,

that the mean deviation of 13-inch shells, at elevations of 45°, and extreme ranges (2630

yards), is about 102 feet in range, and 152 feet in direction. It has also been found, that

the probable accuracy of fire with solid projectiles, point-blank, increases in the ratio of

the square of the weight, for the same density, and directly as the density of the projectile.

This should also apply to the causes of deviation m flight, alone, of shells. The density of

the 36-inch shell is not quite 5S great, in the proportions proposed, as that of the 13-inch

shell, but may be made so. In that case, the probable accuracy of fire, at equal ranges,

would be as 2966- : 200^ or as 8797156 : 40000, or as 219 : 1 ; or, at double the range of a

13-inch shell, the increased probable accuracy of fire would be about as 100 : 1.

This takes no account of any causes of deviation but those operative in flight,—making

the most ample allowance for all others, the accuracy of fire of these large shells, must

be assumed at least thirty times as great, as that of 13-inch shells. The French Tables of

probability of shell-firing show, from a base of thirty years' practice, that of 100 13-inch

shells, at ranges of about 550 yards, 3'38 shells are dropped within a circle of 25 feet

diameter: at 1100 yards range, therefore, at least 45 per cent, of the 36-iuch shells fired

might be expected (after due experience) to fall within that circle, or within a space less

than half the breadth and one-eighth the length of a ship of the line.

The cost of each 13-inch shell, in flight, may be estimated at about £2 2s.; and that

of each 36-inch shell at about £25, or as nearly 1 : 12 ; but to transfer to the point of efl'ect

the same weight of bursting-powder, 55 13-inch shells must be fired; or

—

55 shells, at £2 2s., .... £115 10

1 36-inch shell, at £25, ... 25

Saving in favour of large shell, . £90 10

And this assumes that tlie 55 smaller shells cozdd do the work of the single large one.

I shall conclude and support this Note by quoting the following opinion of General

Piobert, " Traite D'Artillerie," torn i., p. 286 :

—

" Les mortiers, premiers bouches a feu qui soient parvenues a un certain degre de

perfection, sent encore susceptibles de recevoir de notables ameliorations, malgre les

changements apportes, il y a soixante ans, dans leur construction. EnCn, les pierriers, qui

sont les plus anciennes bouches a feu, sont restes dans un grand etat, d'lmperfection, et

I'efficacite de leur tir, est meme inferieure a ce qu'elle etait, a I'origine de 1 'artillerie. II

resulte de la, que les feux verticaux, qui seraient susceptibles de jouer un role important

dans lattaque et dans la defense des places, laissent beaucoup a desirer sous plusieurs rap-

ports, aussi toutes les ameliorations dont I'ancien materiel de I'artillerie etait susceptible
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dans cette partie, n'avaient pas ete realisees, lorsqu'on s'est arrete, dans la voie de modifi-

cations oil Ton etait entre."

The value of vertical fiie from suitably constructed mortars remains yet to be fully

understood and developed, as the only means of obtaining greatly extended ranges. Recent

trials, proving the facility with which shells filled with melted cast-iron may be discharged,

add immensely to tlie value of vertical fire, by providing an effective incendiary projectile,

whose density is little short of that of a solid shot, and therefore capable of projection to

an immensely increased range, at 45°, over any ordinary shell or hollow projectile.

As indicating, forcibly, the important results to be anticipated from increasing the

weight and power of our artillery in all its species, I have deemed tliis Note, though long,

not irrelevant to the text of a work, whose object is to point out some of the principles

upon which such aggrandizements of power must depend.

Note C.-(Sect. 2.)

There liave been two great epochs of increased strength in tlie history of gunpowder: the

first, and very early one, when refined saltpetre began to be substituted for the crude salt,

containing not less than 25 per cent, of inert or injurious matter; the second, dating from

the sixteenth century, when the graining or corning of the dusty meal-powder, before alone

in use for cannon, became common.

The sulphur of early powder, probably, did not differ very materially from that now

employed ; but no determinate rules as to the best quality of charcoal, or of special methods

for its preparation, appear to have been established until times comparatively recent.

Motives of economy, probably, induced a parsimonious use of nitre, in most of the earlv

powders, while this material (at all times the most costly element of powder) was collected

in Europe, and previous to the opening up of the vast supplies now derived from India_

According to Tartaglia, at the beginning of the sixteenth century, cannon powder was

composed of four parts of nitre, one part of sulphur, and one part of charcoal, which is equi-

valent to only 66f per cent, of nitre; while musket powder contained 77 per cent. For

the composition of powder in the time of Cardan (1501-1575) vide Fred. Hoefer's "Hist.

de la Chiraie," t. 2, p. 101. It would be a matter of great interest to ascertain the price of

powder, at the earliest, and for successive periods downwards, in the history of Europe.

The chief European Government powders of the present day have the following com-

positions :

—

VOL. XXIU. 2 z
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England,

France,

Austria,

Sweden,
Prussia,

America,

Italy, ,

Russia,

China, ,

Nitre.
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Government powdei-mills (Bouchet), resulted at once in the production of a powder whose

ignition was so rapid, that, after patient and careful trials, it was found their bronze guns

were injured by it to such an extent, as to induce its immediate abandonment, and powder

of this character is since known in France as " Poudre hrisante."

How far tlie opinion thus referred to in the text, that modern powders visit on cannon

an increased distress—an increment of long and slow growth— as compared with the

powders of the middle of the last century, and previous, may admit of historic or of expe-

rimental confirmation or reversal, I know not. The general impression of foreign profes-

sional writers on the subject, however, appeal's to me to sustain it:

—

" Ce n'est done qu a mesure que les bouches a feu, plus solidement fabriquees ont permis

de donner a la poudre plus de force, qu'on est parvenu, jiar le simple tatonnement, a trouver

la proportion la plus convenable au dosage des trois matieres, cc qui de concert avec de

meilleurs precedes observes dans la fabrication, a suocessivement amene la poudre au degre

de force ou elle est parvenue, et ou elle est enlin restee depuis quelques annees."

—

La 3Iar-

tilliere, t. 1, p. 6, Paris, 1819.

" Une deuxieme consideration encore plus importante, est la plus grande force de la

poudre de guerre d'aujourd'hui,—qui agit plus puissaniment pour la destruction de la piece

que pour chasser le projectile. Nos plus nouvelles bouches a feu ont incontestiblement

plus de tenacite que les anciennes: quelques essais et la seule inspection de la cassure des

dernieres qui est presque noiratre" (cast-iron guns namely), " et qui n'offre que des soufflures

grossieres le prouve suffisamment ; .... neanmoins les chroniques anciennes ne font aucune

mention de ces accidents malheureux si frequens anjourd'hui. Sans explication que nous

verrons de donner sur la force de la poudre ce phenomene serait tout-a-fait incompre-

hensible, d'autant mieux qu'autrofois la charge de poudre des canons etait plus forte

qu'au'jourd'hui."—Moritz Meyer, Cap.de I'Art. Pruss., pp. 105-6, Paris, 1834.

His editor, Peretzdorf, in a note, says that General Eble, in 1808, made comparative

proofs of powder of that date, with some a century old, or more, and that the old powder

was the stronger. The trial seems, however, to have been only one of comparative range

by the eprouveite, and, therefore, is not in point.

Proofs made in Bavaria, of ancient bronze guns, which had stood service in former

years, and yet burst with ordinary charges more recently, and were found on examination

to be composed ofvery inferior material, with much accidental foreign metals, and to which

their weakness was justly attributed, all lead to the same conclusion; however weak, they

should have withstood the same strain at one time as at another.

One thing is certain, that civil inventors, or improvers of ordnance, or contractors for

the supply of artillery, should be well aware, of this great disparity in the distress possible

to be visited upon guns by apparently precisely the same charge of powder, and weight of

shot.

2 z2
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Note D.— (Sects. 3, 4.)

MncH remains to be ascertained by experiment as to the law of development of the pres-

sure produced by the gases of the inflamed powder up to its maximum, before analysis can

do much to advance our knowledge in a way to be practically useful in proportioning the

strength of guns.

Poisson published, from the MSS. of Lagrange, some important investigations on this

subject in torn, xiii., p. 187, &c., of the "Jour, de I'Ecole Polytech."— "Mem. sur les

Relations au Movement du boulet dans I'interieur du Canon ;" and General Piobert has

also brought his great mathematical and practical powers to bear upon the subject; but,

partly from the algebraic difficulties of the question, and partly from want of data, which can

only be obtained by entirely new methods of experiment, much is yet required to enable

practical formulae to be deduced.

The proposition of the text, which will be found further sustained by the investigation

in the subsequent Note S, shows the fallacy in theory of several projectors, who, within the

last five years, propose to reduce the strain upon artillery, the weight of shot being given,

by conjoint diminution of caliber, and the use of elongated shot, under the notion that guns

of reduced thickness can thus be made to answer.

At the same time, the valuable practical result must be admitted, in the unity and sim-

plicity of artillery, should it be possible to construct guns of wrought-iron, or in any way,

of such strength that they should bear to be fired at pleasure, when required, either with

spherical or with elongated shot, of greatly increased weight. In many of the trials of elon-

gated shot that have been made, with unfavourable results, at Woolwich, a great theoretic

oversight appears to have prevailed, in continuing to use the same proportionate weight

of powder for propulsion as with round shot,— one of the most important advantages

offered by elongated shot being thus lost, viz., that their great momentum, and proportion-

ably small aerial resistance, gives an equal or greater range, with a much lower velocity,

than with spherical shot ; and that hence the old proportionate charge of powder is not

only unnecessary and wasteful, but destructive in its action upon the gun, before the inertia

of rest of those heavy shot can be overcome. (See " Artillerie Nouvelle, par M***», Cap.

de Artill." Paris, 1850, p. 18.)

The observations made in the United States, upon the point of greatest wear by deflagra-

tion, in the interior of the chase of Colurabiads (8-inch guns), throw some approximate light

upon these questions, indicating, as they do, that the spherical shot does not begin to move

until a large portion, at least, of the powder is ignited, and moves through, from a quarter

to one half its diameter, before the ignition of the whole is completed.

In the reference to this Note from Section 256, see also Note I., referring to Section 60.
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Note E.—(Sect. 15.)

The law of crystalline arrangement in crystallizable masses, announced in the text, although

passing as a clue of illustration throughout this Treatise, would demand a separate work, to

treat it as its important relations to many of the most interesting questions of Physics, and

its enunciation, for the first time, would deserve.

To fulfil this in a Note is impossible; a few remarks should, however, be added to the

text. By principal axis of the integrant crystal, in metallic masses in the act of becoming

crystallomotrically arranged, under the influence of heat, or of pressure due to its motion, 1

do i»ot necessarily mean the optic axis, were such determinable for opaque bodies such as the

metals, but that symmetric axis of the integrant crystal, whose position, after consolidation of

the mass, is found coincident with the direction in which the heat wave has passed out from the

mass, if cooling, or into the mass, if heating; and which direction is necessarily that of least

pressure within the mass, the pressure being that due to distortion or change of form, by

contraction or expansion. As matter of observation, this is found to be the longest axis of

the crystal in metals, and perhaps in all other crystalline bodies.

But although not ascertainably the optic axis in metallic crystal?, future investigation

will most probably show, through such transparent bodies as assume in mass the same

crystallometric arrangement, that the principal axis, as the term is used by me, has direct

relations to the optic axis.

It is certain that it must have immediate relations to the axes of elasticity of Fresnel,

which again are in direct connexion with the optic axes, as Savart has shown. The

relation of these latter, to local or unequal pressui'e within the mass, have already formed

the subject of masterly investigations by Seebeck, Biot, Fresnel, Brewster, and others

;

and the analogies betweeen the optic effects due to pressure and to change of temperature

in transparent solids transmitting polarized light, have been lucidly pointed out by Sir

John Herschell, who has well explained that in heating or cooling masses, such internal

strains or pressures are produced by expansion or contraction as reduce the proximate

cause of the phenomena simply to one of pressure ; heat itself having (so far as inferable

from those facts) no specific action on the crystalline arrangement, but being merely the

means through which internal and unequal pressures are produced. Mitcherlich's facts,

long since ascertained, as to the unequal expansion of crystals of certain systems in diffe-

rent axes, even when uniformly heated, indicate unequal elasticity in their respective axes,

as well as unequal resistance to the transmission of the heat wave; the latter fact—the

inequality of conducting power of crystalline bodies in different axes—is sustained by the

researches of Senarmont ("Annal. de Chim.," 3 ser. xxi. 457, xxii. 179, xxviii. 279) in

papers of the highest interest. He even found that unequal pressure, in homogeneous

uncrystallized solids, altered their conducting power in different directions.
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These mutual relations are elucidated in Sir Jolm Herschell's article, Liglit, " Encyc.

Mctrop.," vol. iv., sees. 1000, 1085 to 1097, 1113. Such investigations form at this

moment the frontier and vantage ground of future conquest, at once in Physics and

Chemistry. See also MaxwelFs papers on Elasticity, and on Faraday's Lines of Force,

" Camb. Phil. Soc. Trans." Dec. 10, 1855.

It has been questioned to me, how far the fundamental fact is established, that iron, in

its several conditions of cast-iron, steel, and especially of malleable iron, is truly crystalline

at all ; whether it may not be possible that the texture of a long, silky-hbred bar of rolled

wrought-iron, is due simply to the extension and drawing out, long and fine, of the hetero-

geneous mixture of amorphous metal, and of included and uniformly distributed "cinder"

(i.e., oxides, silicates, and carburets), which might be supposed to form the mass, as first

withdrawn from the refinery or "balling furnace;" much like as a mass of bird-lime and

dry clay diffused through it, would probably roll or draw out.

I cannot admit the force of the objection, or of the analogy.

All the evidence we possess is in favour of iron having a truly crystalline structure.

Such is the structure of all so-called elemental solids, and assumed with distinctness

{cateris paribus) in proportion as they approach to chemical purity ; not only the analogy

here, but that nearer one with the whole class of all other metals, would be broken by

such assumption, the crystallizing power being evidenced in all, though developed with

very different facility, still in an unbroken chain, from bismuth and antimony, which crys-

tallize so readily, down to whichever may be held most difficult to obtain in crystallized

masses. But there is positive evidence of the power of cast-iron, of steel, and of malle-

able iron to assume the crystalline structure. The form of the integrant crystal is obvious

;

perfect crystals may be isolated ; they possess the property of distinct cleavage in well-

developed instances (Wohler) ; and the fresh surfaces, often of great size, possess the per-

fection of plane and of polish, that crystallization can alone confer. Other less broad and

obvious characteristics, such as difference of resistance to the action of menstrua in different

axes, might be urged. Or again, the diflerence of elasticity of (chemically the same) iron

in different states of development of the crystallization of the whole ; and diflerence of

elasticity in different directions in the same mass, following observable diflerenoes in the

prevailing directions of the crystalline axes.

In a word, there appears no more good reason to doubt the truly crystalline arrange-

ment of the molecules of iron than there would be to doubt that an isolated octohedral

crystal of native gold, was truly a crystal, because, by the blow of a hammer, we can flatten

it into a spangle. The masking circumstance is alike in both cases. Metallic crystals are

all more or less malleable ; they are, therefore, susceptible of distortion (to almost any

extent, in the more malleable metals), and of re-formation, without external change, except

as to form, in the mass itself.
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But an additional argument may be drawn from Professor William Thompson's views

as to the nature of the forces concerned in thermo-electric currents, from which it would

seem to follow that iron, or any other body in which a thermo-electric current can be

excited, can have none other but a crystalline arrangement (Thompson, " Dynamic Theory

of Heat," Phil. Mag., 185G.)

In addition to the several examples quoted in the text (sects. 9-15), of the arrange-

ment of crystalline axes perpendicular to the bounding planes of the solid, I would remark

a very interesting one, given by the late Professor Daniell, " Elem. of Chem. Phil.,"

sect. 117, p. 88:—If a parallelepiped of tin—hammered or cast, matters not—be placed in

mercury for some time, the latter is absorbed gradually: it enters the mass by successive

plane couches, parallel to its surfaces; expansion is produced in the planes of these couches,

and hence lines of least pressure perpendicular to the same. After a time, the parallele-

piped is found split up into six pyramids, by planes penetrating from its edges, and inter-

secting within it,—their bases being the original sides of the solid; and each of these

pyramids is found composed of crystals, whose longest axes are arranged perpendicular to

the original sides, and parallel to each other ; and into these integrant crystals each pyramid

may be subdivided.

Here is a case in which chemical change—resulting in the formation of, no doubt, a

definite amalgam—has, owing to the peculiar circumstances of its formation in a state of

crystalline aggregation, produced an effect similar to that which mere change of tempera-

ture might have induced in the parallelepiped of tin, had the latter been originally crys-

talline, or large enough for internal strains to have so arisen.

Again, the following curious experiment, made by myself several years since, but not

previously published :—If a portion of Muutz patent rolled yellow metal (Table xr.. No. 12,

in text), in the state in which it is used in commerce for ships' sheathing, bolts, &c.—namely,

in which it is tough, malleable, extremely flexible, and endowed with a distinct fibrous

arrangement in the direction in which it has been laminated or rolled;—if of this a small

rod, or a narrow slip, be cut from a sheet, and plunged for a moment or two in a tolerably

strong solution of nitrate of mercury, and then withdrawn, washed, and wiped dry,—it will

be found that it has almost instantaneously become rigid, and so brittle that it may now

be broken into short bits between the fingers, whereas, previously, reiterated bending

backwards and forwards, between the hands, would have with difficulty broken it at all.

The surface of the metal is found slightly amalgamated ; its fractures present crystalline

planes, penetrating the solid in directions perpendicular to its faces; and, on examination

of the fracture with a lens, an extremely superficial, but real, penetration of the mercury

between the surfaces of the crystals will be observed to have occurred.

The conditions here were different from the former experiment: the phenomena occur

with much greater, indeed with truly remarkable rapidity, the transmutation from tough-
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ness to brittleness being almost instantaneous ; but the results, and their explanation, are the

same as in Daniell's experiment.

The chemical change, then, does not prevent this inversion and development of crys-

talline axis; on the contrary, if it induce the required condition of internal strain, it may

produce the same crystalline arrangement that heating, or cooling, or local pressure can do.

Nor will the general law, stated in the text, be disturbed by the circumstance of sudden

expansion taking place in a cooling, and therefore contracting solid, at the instant that it

assumes the solid form—as in bismuth, cast-iron, ice, &c. ; for expansion here is but the

same force as in contraction, changing all the signs; and, however the crystals may be

formed in the first instance, they are subject to the subsequent modification in axial

direction.

Mineralogy and lithologic geology are full of examples of the play of these crystalline

forces under the influence of pressures due to gravity, or to change of temperature ; and

some of its obscurest phenomena are yet destined to receive light from the application to

them of the general law enunciated in the text. What geologist is there who has not

observed, that the integrant crystals, forming the mass of quartz and other such veins in

icrneous rocks, are all arranged in lines perpendicular to the bounding planes of the original

fissure—the lines of least pressure in the mass, as it was heated or cooled by the surrounding

rock? Upon a greater scale, we find the metamorphic crystals of changed rock, adjacent

to dykes of igneous rocks—as in the chalk penetrated by trap in Antrim,—stretching away

irom the walls of the dyke in lines perpendicular thereto ; and the arrangement of the trap,

so far as it is truly crystalline at the surfaces of contact, obeying the same law. In Soot-

land, coal converted naturally into coke, by intrusion of a trap-dyke, assumes the pseudo-

crystalline structure known of it, in planes of fracture perpendicular to the bounding planes.

Perhaps even the yet unsolved mystery of the structure of columnar basalt may find

its key and solution,—not in this law, but by views which it shall suggest; as well as the

molecular conditions, upon the physical action of which the lamination and cleavage of

the slaty and other rocks of imperfectly homogeneous material has depended, the directions

of the pressures concerned in which Mr. Sharp and Mr. Sorby have developed with so

much ability.

The distinction, however, is to be clearly observed between internal Tprcssure inducing

change of crystalline axes, in truly crystallizable solid masses, and pseudo-crystalline

arrangement, such as cleavage, lamination, &c., produced by pressure external to the mass

of an uncrystallizable solid, and the indispensable conditions for which seem to be hetero-

geneity of composition of the mass, and peculiarity of form in its particles. In nature, these

latter phenomena may be sometimes mixed up, more or less, with the former, where crys-

tallizable substances are diffused in a mass of uncrystallizable matter.

The navigator in high latitudes has long been familiar with the dreaded fact, that the
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thawing iceberg, as it floats upon the ocean into warmer latitudes, often suddenly, and with-

out apparent external cause, or by any that shall produce the slightest vibration, such as

the firing of a gun— splits up, and parts asunder into enormous spiriform masses, whose

bounding planes are generally nearly, or quite, perpendicular to the surface of the sea, and

which fall, and, plunging with fearful commotion, stretch their lengths upon the bosom of

the deep. The same law has acted here upon a still vaster scale : the whole berg, reduced

nearly to its melting point, has previously received, by conduction from the ocean beneath,

and from the air above, its heat in directions mainly vertical, and its splitting planes are so

likewise ; for the directions of greatest internal strains are, on the whole, horizontal. Its long

fragments, if large enough, shall afterwards obey the same law, but in directions now at right

angles to that in which it acted upon their parent berg. We may even imitate all these

phenomena, upon a small scale, by heating a block of American ice slowly, by one of its

flat surfaces, upon a heated plate of metal or of water ; or we may observe them in play in

the cross or vertical fractures of the thick ice of every pond, as it becomes rotten, and

breaks up at the thaw. In the latter case, the vertical crystalline fracture is at the same

time aided, and the phenomena are a little perplexed, by the frequent occurrence ofnumerous

minute vertical columns of adjacent air-bubbles in the ice, like parallel chains of microscopic

beads, which break the perfect homogeneity of the ice, and whose expansion, by the heat of

the sun, may assist in splitting up the ice, as well as produce planes of weakness mechani-

cally within it. (10th May, 185G.)

Note F.—(Sect. 18.)

The figure in Plate ii., which indicates the direction of fracture, in the base of the

cylinder, of the Britannia Bridge hydraulic press, is a little erroneous in direction (as 1 am

informed by a friend who had opportunity of examining the original, which I had not).

The fracture, striking outwards from the neighbourhood of the internal angle, made by

the base with the sides of the cylinder, passed outwards (as in the figure), at first nearly at

45° to the line of the sides, but gradually curved upwards, and cut through the outer surface

of the cylinder, in some places, round the circumference, rather above, than through, the

external salient angle, formed by the meeting of the exterior of the base with the sides

;

thus departing towards the outside more or less from the " plane of weakness." At first

sight this appears to militate against the views of the text, as to the existence here of

such a plane of weakness, as, wherever was the weakest plane, the fracture should Iiave

followed it quite through; but a more careful consideration of the question, than was

given by me while engaged upon the text, will show that the facts, thus corrected,

point the opposite way, and perfectly sustain the views advanced. The fracture was a

VOL. XXIII. 3 A
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diagonal one, tending generally from the internal angle outwards; but if there were no

plane of weakness here at all,—if the metal were of the same cohesion per square inch

throughout all its parts,—the weakest place must have been that of least section of metal in

the directions exposed to pressure ; and as this is in a plane at right angles to the axis of

the cylinder, the sides of the latter would in such case have been torn directly across some-

where ; the cross section of fracture then being less in total area, than in case of a fracture

from the internal to the external angle at the cylinder's base, in the ratio of 1 : v2.
The diagonal must therefore have been the weakest place—Why did it not break

straight through it ? The reason is obvious, when we come to consider the nature of the fluid

forces to which it was exposed before fracture.

The normal or radial pressures against the interior of the curved sides of the cylinder,

and against the base at right angles to itself and to the former, commenced a rent at the in-

terior angle,—a certain amount oijiexure, however small, being produced in the metals at

both sides of it. This flexure, however slight and instantaneous, had necessarily the same

eflfect as if the fracture took place by rotation round consecutive points whose loci were

in circles all round the outer edge of the progressive fracture ; and as the greater motion was

in the base which was projected oif, so the fracture curved upwards, just as the fracture

described in burst guns turns ofl:'to one side, very near the outer surface.

The irregularity of broken surfaces, and of the line of rupture, with reference to a plane

parallel to the base, was, no doubt, due to irregularities in the casting itself, or other

accidental conditions.

Note G.—(Sect. 25.)

Experiments, of the same character as those of Mr. Fairbairn, have been made in the

United States, upon the larger scale of casting guns, at various periods, for several years back,

some of which are detailed in a collection of Reports by officers of the American Ordnance,

published this year (Trilbner, London), and which has met my eye, for the first time, while

these sheets are passing through the press (May, 1856). These experiments on the effects

of remeltiug, or of prolonged continuance in fusion, are of the same inconclusive character;

and the few deductions made are sometimes anomalous and inconsistent. It is impossible to

avoid observing, that none of the experiments appear to have been devised with any preli-

minary guiding theory, based on just or sufficient chemical and raetallurgic knowledge.

What, then, do such experiments on remelting of cast-iron amount to ?

It has been well known for probably a century, that white cast-iron (No. 4 pig) has a

far higher ultimate cohesion than any of the gray, mottled, or dark gray varieties (Nos. 1, 2,

and 3, pig). It has been known, for nearly the same period, that the latter may be con-
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verted more or less perfectly into the former, by repeated fusion in direct contact with fuel

and blast; and it has been equally well known that either white or gray iron may bo

obtained at will, and by a first or single fusion, from the smelting furnace.

For nearly thirty-five years, the nature of these changes has been fully understood,

through the researches of Karsten, by whom it was proved that gray cast-iron (Nos. 1, 2, 3)

contained carbon in two states, chemically combined and mechanically diffused, the latter

as crystals or scales of graphite; and that white cast-iron (No. 4) contained carbon in but

one, viz., wholly in combination with the iron,—the extreme case being that of the Spie-

geleisen (Fig. 3, Plate v.), in immense, well-defined crystals, which contain above 5 per

cent, of combined carbon,—somewhat less being found in Fig. 6, the more usual fracture

of lamellar (No. 4, white pig-iron); becoming mixed with uncombincd carbon, as graphite,

in the mottled iron (Fig. 7) ; and having its largest proportion of diffused graphite in very

dark gray (No. 1, pig), possessing fractures more or less resembling Fig. 5.

Karsten proved, that any one of these varieties of cast-iron could be converted by suit-

able metallurgic treatment into any other, and that, as respects the conversion of gray cast-

iron into white, the process was, to a greater or less extent, the inevitable result ofevery time

the gray metal was melted and cooled,—that it was dependent simply on two conditions :

—

1°. The deprivation of graphite in the furnace, due to the proportion that should be

given to air-blast and fuel.

2°. To the fact that in the act of consolidation a certain proportion of the whole

of the suspended graphite was exuded, i. e. forced out to the surface of the

cooling mass, by the crystallization of the whiter portions, whose carbon is

combined.

Now, it follows as matter of course from these well-known facts, that, as perfectly white

cast-iron has at once the highest cohesion and the greatest brittleness, while properties the

reverse belong to the darkest gray graphitic cast-iron,—some mixture of the two qualities

{not of the tioo irons) must give the best material for gun-founding, or for any other mecha-

nical purpose, in which the highest product of tenacity and toughness is demanded. And

in this consists the value of " mottled iron" (Fig. 7, Plate v.) for cannon.

It also is obvious, that a more or less perfect approach to such a mixture may be made

by repeated melting and cooling, up to a certain point, of any gray iron ; but the number of

meltings and coolings necessary to effect this will differ, not only with the original gray

iron tried, but with the conditions of the cupola furnace in every consecutive melting,

and with the conditions of cooling at every casting, so that probably no two series ofexpe-

riments could be possibly made, that should give co-ordinate results, or that would be apj^li-

cable to any other make of iron, or to any other cupola, fuel, and blast. Moreover, the quan-

tity of graphite eliminated at each cooling is greater, in some proportion, as the cooling is

more rapid. The trial, therefore, that shall give the number of meltings producing the

3a2
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best result for castings of one dimension cannot be true or applicable to castings of any

greater or less scanllin2.

Thus, if, as Mr. Fairbairn concludes, the thirteenth melting gives the best metal, for trial

bars cast one Incli square, with tlie original "make" of pig-iron, and mode of melting and

casting, he employed,—it does not follow that for bars oftwo inches square it would be so ; or

that, with the one-inch bars, but a different original " make" of pig-iron, or a different cupola,

it would be so; or even with the same pig-iron and conditions of melting, but a different

mode of moulding and casting the same one-inch square bars, the result should be alike. If,

with the very same pig-iron, cupola, and fuel, the meltings be performed with a surcharge

of metal and flux in proportion to fuel, and an excess of blast, the one-inch square bars, when

cast, would have been found to have arrived at their assumed best quality, perhaps, at the

fourth, in place of the thirteenth, melting. If the bars themselves had been cast in " chills,"

in place of sand-moulds, so as to have been cooled as fast as possible, the point would have

been still sooner reached, and, if cast in " dry sand-moulds," or "in loam," would have been

later reached.

Upon sample bars so small as one inch square, even a little more or less wetting ofthe sand of

the greensand-mould, on the part of the moulder, would have made the most formidable dif-

ference as to the rate of progress towards white iron. Finally, if, instead of bars of an inch

square, the experiments had been made upon a sufficient scale to admit of casting bars of a

foot square, these, when broken after the thirteenth melting, in place of presenting the same

assumed improvement, would in the interior have presented very little change in fracture

from the original pig-iron (unless, indeed, peculiar care had been taken to so work the

cupola as to burn out in it the graphites—a thing most difficult to accomplish at all upon

a large scale, and not in question here) ; and in place of the thirteenth melting being the

charmed one, it might not be reached at the 13 x loth melting.

The conclusion drawn by Mr. Fairbairn is, therefore, too large, is not warranted by a

just interpretation of the premises, and might lead to serious mistakes in practice; for,

as has been shown in the text, this same best quality of iron, this same combination of

strength and toughness, can be obtained direct from the ore in the blastfurnace, and either run

into pigs, or, far belter, cast into guns or other large objects requiring it, at once, and without

any intermediate cooling. The whole roundabout process of repeated melting is, therefore,

perfectly needless—but, further, it is positively hurtful ; for, every time cast-iron is melted

in contact with fuel and flux, it takes up a fresh additional dose of the metallic bases of the

alkalies and earths; and it is to the alloy of these, especially of the latter, that a more fatal

reduction of strength and toughness is due, than to any other foreign mixture with which

cast-iron is known to combine—so that, by this notion of repeated meltings, we spoil the

pig-iron in trying to effect, by an indirect process, what, with better knowledge, should be

the direct result of the primary and single operation of the smelting furnace.
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The American experiments, upon the possible improving effects of keeping the metal

for a longer or a shorter time in fusion in the furnace, although too few and inconclusive

as to condition, to infer much from in any vfay, are only an analogous case. The longer the

metal remains in the furnace, exposed to contact, at a high temperature, with many foreign

materials (the fuel, the flux, and the furnace itself), all highly heated, the greater will be

the dose of alkaline and earthy metals it will have taken up by cementation, and become

alloyed with—although possibly, at the same time, a certain amount of approach towards

mottled iron may have occurred ; and hence, in that respect, some improvement. But, that

the general effect is one of deterioration, is well known to practical gun-founders, wherever

the guns are run directly from the blast furnace, who are well aware, by long experience, that

the metal tapped from vei'y near, but not quite at, the top of the iluid mass in the furnace,

and which they call " the cream" (Rahm), produces the best gun castings. Now, this is

just the portion of metal, of the whole that the furnace contains, that has been the least ex-

posed to the deteriorating influence, of continuing in fusion, and is almost that which has

been the shortest time melted.

Note H.—(Sect. 29.)

Zinc, as found purest in commerce, and cast in the ordinary way, is malleable and laminable,

within a range of temperature of about from 200° to 350° Fahr. If this range be extended

by the change in molecular arrangement due to the circumstances alluded to in the text,

analogy would induce the expectation, that the range of extensibility to tensile and com-

pressive forces, in cast-iron, would be likewise extended by similar treatment, viz., by
" pouring" at the lowest possible temperature.

Note H, bis.—(Sect. 59.)

It is worthy of remark, that in the case of the burst Cavalli gun at Woolwich (Proof

Department) which was cast at Aker in Sweden, the fracture presents a coarse, granitic,

and soft aspect, indicative of a weak quality of metal, little better than that of the split

Baltic mortars. It is obvious, therefore, that neither "cold blast," nor the absence of coal

fuel, will alone insure proper metal for guns.

The conditions of physical structure in cast-iron, developed in the fourth and fifth

chapters, derive an unconscious confirmation from a remark made, with much accuracy

of observation, by Mr. Edwin Clarke (" Description of Britannia Bridge," vol. i. p. 380), in

which he states that the central crystals, in a large mass of cast-iron, are larger than those

nearer the surface, which he, however, attributes to a not very clearly made-out effect of the

prior consolidation of the exterior of the casting. In alluding, further on, to Lieut-, now
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Major James's, R.E., experiments on this subject, lie briefly quotes his important result,

also confirmatory of the views of the text,—that equal sections, cut from the interior of

large castings, are weaker than from portions nearer the surface (vol. i. p. 443).

The true reason that the central parts of the mass present the largest crystals, is

because, having been the longest hot, these crj'stals had most time given them for large and

•perfect development, and the centre is the weakest part of the bar, not only because these

parts are rendered porous and of low specific gravity, by the drawing asunder produced

by the prior consolidation of the external crust, but also because the force of cohesion be-

tween the planes of cleavage of the largest developed crystals is the final measure of the

strength of this, the weakest, as they are of every other part, in proportion to their deve-

lopment.

Note I.—(Sects. 43 to 50.)

SrNCE the text has been written, a number of 13-inch sea-service mortars have been brought

home disabled from the Baltic, having failed on board the mortar boats, during the bom-

bardment of Sweaborg, after a greater or less number "of rounds, in a very remarkable

way,— the conditions of which do not appear as yet to be accounted for by the Depart-

ments at Woolwich. (March, 1856.)

I examined these mortars (15th Dec, 1855) in the Arsenal, with much care and in-

terest, and advert to them here, as affording the most convincing proofs of the truth of

the views I had advanced as to the causes affecting the bursting of ordnance ; and I am ena-

bled, by the application of my views to the case, to explain completely the conditions and

circumstances that have produced the particular form of failure exhibited by these Baltic

mortars.

Of the whole number of mortars, three have burst, or, to speak more correctly, split,—
the remainder still appear to hold together,—but the strong probability is, that there is not

a serviceable or trustworthy mortar remaining amongst them.

List oflS-IncIi Sea Mortars, and Names of Mortar Boats, xcith Nicmber of Roundsfred,

and result.

I
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a plane passing through the axis, and through the centre of the vent. There were no signs

of unsoundness in the metal at any point, nor any defect or sign of injury, other than the

splitting up, save that at the centre of the bottom of each chamber, a small, irregular cavity

was formed, with jagged sides and bottom, as though slowly burrowed into by some cor-

roding agent.

The fractured surfaces, where rusty, presented an uniform, very coarse-grained character

of metal; and where the latter was freshly exposed by a large fragment recently cut out,

close to the interior at the muzzle of each split mortar, it proved to be a mixed metal of the

very coarsest grain, consisting of nearly white cast-iron, filled with large grains of very

dark gray and highly graphitic iron, greatly wanting in homogeneity (fontc fortemcnt

truitee), a material ill suited to ordnance of ar^ sort. Its general appearance was somewhat

that of Fig. 5, Plate v., but much coarser.

The following mortars remained together, but in what condition I was unable to judge.

No. of
Rounds.
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at any point round the circumference is greatest ; but this, in a mortar

inclined about 45°, will be at the lines cut by a vertical plane passing through

the axis,—because the whole interior may be assumed heated equally all round

;

but, of the exterior circumference, the lower side, that opposite the vent, is

most cooled, because against this side of the warmed mortar the ascending

currents of air impinge, and most completely evect the heat from it;—while

at the opposite, or top side, the heat is least evected : the splitting tension is

greatest, therefore, in the plane through which these three mortars have been

split. Besides this, on the principles of molecular aggregation of castings,

previously explained, the mass ^the trunnions at either side produces a plane

of relative weakness towards th^case of the mortar, just where fracture has

occurred ; and lastly, the section through the vent is the weakest of any

one passing through the axis, that the mortar presents, because the least total

section of metal.

The excavating that has taken place at the bottom of the chambers is easily ac-

counted for. The metal—coarse, uneven, and open-grained throughout—was at this point,

from causes pointed out (sect. 45 of text), a spongy mass of scarcely coherent crystals,

with scales of uncombined graphite mixed with them and interposed; the latter in

the first instance, and the plumose crystals of cast-iron (iron and combined carbon) after-

wards, exposed to the intense heat and flame of the ignited powder, are themselves set on

fire, and gradually deflagrated ; and so, bit by bit, the irregular little cavern was burned out,

just where the central " soft spot" in the casting existed. It is a case precisely analogous

to the enlargement of vent and of chase near the seat of the shot, so commonly observed in

guns.

The remedy for all these evils is not difficult, and was, in fact, pointed out by me in a

communication as to a new form of mortar, made to Government early in 1855, but put

aside on grounds that only proved that it had been set aside unconsidered, or the want of

information, on the part of the examining authorities, to enable them to judge such ques-

tions, which demand, not " artillery practice," but a clear and accurate knowledge of many,

and some not very obvious, physical and mechanical truths, and the power practically to

apply them. 1 recommended that mortars should be increased in length of chase ; the thick-

ness of metal reduced ; made perfectly uniform all round, and proportioned to the internal

pressure at every point,—i. e. tapering to the muzzle ; to abandon all trimnions (as weak-

ening the piece) ; and to receive the recoil directly from a flat breech, by an elastic, and

simple but peculiar bed ; and to cast all mortars hollow, on well-formed " cores," without

subsequently boring them out at all,—thus not only saving greatly in first cost, but avoid-

ing, as respects the molecular arrangement of the material, all the evils resulting from the

existing cumbrous and absurd forms, so that the form recommended would have approached.
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but been better than that of, the French howitzer, or mortar, taken at Cadiz, and now in

St. James's Park,—an instrument well designed, by obviously competent men, and which,

though made under difficulties, and of inferior material, answered its intended object.

It would have been of much interest and value, to have been able to corroborate the

truth of the views I have here advanced, as to the causes of the failure of these Baltic

mortars, by a few experiments on their metal. With this view I applied for a portion of

each split one (a pair of bars, together not more than 5 lbs. or 6 lbs. weight), and stated

my views and object; but was refused by the Oidnanoe Select Committee, at Woolwich,

on the ground that they wanted the mortars (Ji/teeii toils weight of metal !) lor their own

experiments. A second application, receiveAfor answer, that after the Committee should

have reported on its own experiments, it would consider my application !

Months have since elapsed, but I have never heard further as to my application ; I

have learned, however, that experiments, similar to those which I indicated, and requested

the means of making, have been since performed.

In concluding this Note I may mention, that an officer stationed in the Baltic informed

me, that these mortars were tired for some time, as fast as they could be loaded,—perhaps

at the rate of twelve shells per hour, or more. Possibly the success of the bombardment

demanded great rapidity of fire : but the French mortar-boats, having two mortars on

board, which can be fired alternately, possess an advantage over ours with but one.

A heated mortar will be most safely and readily cooled by filling it up to the brim

with cold water, as rapidly poured in as possible. The water may be easily taken out

with a gutta-percha syphon, and the interior dried with a swab.

The method and mixture of cast-iron, described in sect. 59, is that still actually in use

in foundries employed casting ordnance by contract for Government, and is just the mate-

rial of which the Baltic mortars consisted; the grain of the metal of those split was as

coarse as granite.

One of these was cast at Carron, perhaps more than forty years ago ; so the malpractice

is an old one, and its evil results have nothing to do with " hot-blast."

Imagined Causes of Inferiority and Superiority in various Cast-Irons.

It is stated in the "Report of the Commission of Inquiry," p. 17, as to the manufac-

ture of ordnance on the Continent, which has appeared while those sheets have been

passing through the press, on the authority of Schiir and Mitscherlich, that in Swedish iron

works, pyrites (sulphurct of iron) is thrown into the furnace, with the other constituents of

the charge, to produce the fine, gray, mottled iron required for gun-founding ; and it is

added, that the eflect may be analogous to that of the oxidizing flame in a reverberatory

furnace,—some doubt being at the same time expressed as to the accuracy of the reported

VOL. XXIII. 3 B
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fact. The fact itself has long been known in the iron works of northern Europe, that

pyrites, in the blast furnace, will produce white iron, or an approach to it; and, pos-

sibly, it has been occasionally resorted to with the intention of producing this end. The

rationale of the process, however, is not that suggested by the reporters, but has been

fully developed by Janoyer, "Ann. des Mines.," 4 ser. t. xx. p. 359, and elsewhere, who

has shown that sulphur and carbon mutually eliminate each other, by combining in the

blast furnace, and becoming volatilized, as sulphuret of carbon. But, although this be

chemically true, and a fortunate condition in always aiding in the expulsion of sulphur

from crude iron, no prudent iron-master would dream of voluntarily resorting to such a

method of obtaining mottled iron as this, in#much as no care or skill in the working of

the blast furnace could insure, for an hour together, the production of pig-iron, that should

not contain an excess of sulphur. The method, too (as is obvious from the text) is as

needless as it would be perilous to the quality of the product.

Sulphur, in the state of sulphates, or other saline combinations, cannot but be intro-

duced into the blast furnace, whether we use our own raw coal, washed coal as in Belgium,

by which a material reduction of impurity is obtained, coke, anthracite, or even wood,

in whose ashes sulphur is not absent, any more than in the majority of the limestones used

as flux. Berthier and others have clearly shown, that the amount of sulphur finally

included in the yield of iron, is not in proportion to the sulphur contained in the fuel or

flux, but depends upon a multitude of conditions in the working of the furnace, and chiefly

upon the proportion of lime in the flux, and on the temperature of the furnace ; but, that

a sensible improvement in the quality of the pig-iron has been obtained in Belgium, by

washing the coal, so as to oxidize the contained pyrites into copperas (sulphates), and thus

remove it in solution, appears certain ; and the marked differences noticed between irons,

made with coal which contained sulphur in the proportions of 0'28 per cent, and of 0-64

per cent., in favour of the former (Janoyer), indicate that the washing process, extended to

coke, and given sufiicient time, would, in Great Britain, be attended with the best effects

as respects the production of iron for gun-founding. Coal fuel is much deteriorated in

heating and " bearing" power by washing; but not so coke, which may be exposed to air

and water (if frost do not supervene), for a length of time, without injury to it as fuel.

A most important contribution to our knowledge of all that relates to the iron industry

of Belgium and France, worthy of being better known in English, has been made by the

'• Reports upon the Condition and State ofthe Iron Manufactures of Belgium and of France,"

by M. Hector Rigaud, Eng. Civ. des Mines. (Ann. des Mines, 4 ser. t. viii. p. 371, &c.)

It is by no means certain, however, to what e.xtent, or if at all, the presence of minute

proportions of sulphur reduces either the tenacity, or the toughness, of cast-iron of given

quality in other respects ; certain it is, that these depend more, nay, primarily, upon the

proportion and molecular condition of the carbon it contains, and that the alloy of small
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portions of the alkaline and earthy metals produce a greater deterioration in those qualities

than any other foreign additions. The presence of these last is the peculiar characteristic

of hot-blast iron, arising simply from the extreme elevation of temperature of the furnace.

Ho-w little the proportion of sulphur depends alone upon fuel, &c., and how nearly it

is alike, or may become so, with any fuel, may be seen from the following analyses of

American cast and wrought-iron, made by M. Svanberg ("Jour, fur Prac. Chem." h. xl.,

p. 232):—
American Cast-Irons.
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by smelling, speciallyfor gun-founding ; while all the experiments made on British irons, with

a very few exceptions (see E. Clarke, "Brit. Bridge," vol. i., p. 445), have been made

upon specimens of unmixed commercial pig-iron, as found in the market, intended for the

common purposes to which cast-iron is applied, and not having that peculiar balance, of

hardness, tenacity, and toughness, indispensable for gun-metal, but unsuitable to the pur-

poses for which our mercantile " makes" are intended, and incapable of being afforded

at the price at which these are sold. It really would appear, however, from much that has

latterly been written and spoken on the subject, and even by those whose authority and posi-

tion would presume better knowledge of the subject, that these facts have been overlooked.

As proving how completely the per-centage of sulphur, as well as of all other impurities,

depends upon the working of the furnace, the following Analyses, by Dr. Schafheautl

(" Revue Scien." t. xxv., p. 192, and t. vi., p. 209), are important, all made from ironpro-

duced by the same furnace, and in continuous blast—that of Alais, Dep. du Gard, France, the

specimens being taken at successive periods :

—

Per-centage of Foreign Constituents only.

Sillcium, . .

Aluminium, .

Carbon, . ,

Azote, . . .

Sulphur, . .

Arsenic, , .

1-860
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The furnace of Konigshutte ia fed with beech; that of Leerbach with fir fuel.

The analyses are by Bodemann (" Pogg. Anal." t. Iv., p. 485). Sulphur was present

in every instance ; and had the amount of the earthy and alkaline metals admitted uf esti-

mation, they would have shown, doubtless, some preponderance in the case of hot-blast

with wood as with coal fuel, from the higher temperature of the furnace.

The molecular condition of the carbon in the pig-iron—-the proportion in which it is

developed as graphite, and in which it is in combination chemically with the iron—seem

also much dependent upon temperature, as well as the magnitude of the individual crystal-

line scales of graphite, tipon whicli, more than upon any other condition, the tenacity of

cast-iron aj^pears to depend; it being obvious that in mixed irons, constituted like the coarse

masses of which some of the Baltic mortars, referred to in a previous Note, consisted,

the strength of any given section is limited to the strength of that portion of the whole retictda-

iion which is solid iron, since the nests of crystalline graphite are almost devoid of cohesive

resistance, and may be absolutely deducted, quoad ultimate tensile stretigth.

Upon this part of the subject the following authors or papers may be consulted with

advantage:—Karsten ("Ann. derChem. und Pharm.," Ix., p. 2'dO), on the "Constitution of

the Spiegeleisen," in which the whole of the carbon is in combination, and which contains

from 4-28 up to the enormous proportion of 5-723 per cent, of carbon ; its colour bright and

silvery, with intense hardness, and breaking into huge, fully developed rhomboidal crys-

tals, often two or three inches long, as figured in Plate v., Fig. 3, text.

Berzelius "On the AUotropic Modifications of the Simple Bodies." (" Jahresbericht,'

1844, p. 18.)

Sandberger " On Carbon developed in large hexagonal Tables in the Slags of the Iron

Work of Dillenberg, Nassau." (Liebig & Kopp, "Jahresbericht," 1851, p. 151.)

Schafheautl, various papers in " Phil. Maga.," London ; and " Pogg. Ann." on same

subject.

Laurent, " Ann. de Chim.," t. Ixv., p. 417.

Le Play, " Mem. on the Manufacture of Steel," " Ann. des Mines," tt. iii. & ix. 4ie ser.

Engelhardt, " On Tubercular Masses of Carbon, formed (apparently from a volatile

state) within the Masonry of the Blast Furnace of Niederbronn, Lower Rhine." (" Ann.

des Mines," 4 ser., t. iv., p. 429.)

Plate V. (next page) is inserted out of its proper place, not having been received from

the lithographer in time, in consequence of unavoidable delays in procuring the speci-

mens and taking photographs of them, from both of which the very faithful figures of the

Plate have been prepared.
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The Plate illustrates the principal states of molecular condition, in which cast-iron and

wrought-iron respectively are found; as in every mineral substance, nothing tut actual

observation of specimens can give complete or accurate knowledge of either the aspect or

properties of iron. To those less practically conversant with the subject, these figures will,

however, afford the means of understanding more fully the text, and give a clue to the

identification of the several molecular conditions of iron when actually met with.

The figures bear reference to the subjects discussed in Chaps. 3, 4, 5, 6, 7, 22, 23, 24,

25, and 26 of the text, and in this and other Notes.

Figs. 3, 4, 5, 6, and 7, relate to cast-iron. Figs. 1 and 2, to wrought or malleable iron.

They are all drawn to one-half (linear) the natural size.

Fig. 3 represents a fragment broken oflTfrom a refinery pig, of Styrian cast-iron (Spie-

geleisen), the top of the figure being the upper side of the flat slab, of about 4 in. thick,

18 in. wide, and some feet in length, when cast; and the lower side of the figure, the

bottom of the pig, which is usually cast in iron or " chill" moulds, and cooled also by

affusion of water, when intended for conversion into wrought-iron afterwards ; hence called

" Refinery Pig."

This may be considered as the normal type of cast-iron—consisting of iron with fre-

quently above 5 per cent, of carbon, the whole of which is in chemical combination

with the iron, which hence contains no graphite. The mass is, therefore, perfectly

homogeneous in constitution; is of a bright silvery-white colour; the fracture proves it

highly crystalline, the crystals being very large and perfectly defined, often some inches

long, cleaving with perfect faces and angles, and the hardness so great that a cast-steel file

with difficulty abrades the mass.

It will be remarked, that the principal axes of the crystals are all approximately per-

pendicular to the top and bottom of the slab, i. e. to its cooling surfaces, in accordance with

the general law. All " chilled" cast-iron approaches more or less to this normal type.

Fig. 6 is a pig of Acadian or Nova Scotia cast-iron, presenting the usual characteristics

of that form of pig-iron known in Great Britain as No. 4 pig. It is closely allied in chemical

constitution to the preceding, but usually contains more or less uncombined carbon, in the

state of minutely diSiised graphite, not visible to the naked eye, but communicating a

slight dulness or grayish shade to its otherwise silvery lustre. Although the fracture

drawn here is nearly square, the general form of the pig was irregularly roundish, or

cyhndric, with one flattish side—hence the principal axes of the crystals radiate from a

central point, in accordance with the general law. The crystalline structure of No. 4 pig

is never very perfectly developed ; it is usually more or less lamellar in fracture, some-

times almost perfectly uniform or glassy in fracture, and, except for refining into bar-iron,

or mixing with more graphitic cast-irons, is useless to the founder, being brittle and

intensely hard when cold, requiring the highest temperature of all cast-iron for fusion, and
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remaining at temperatures, however elevated, pasty and viscid. It contains less total carbon

than the preceding, and is, in fact, an approach to imperfectly developed wrought-iron.

Fig. 5, a portion of a large pig of No. 1 Scottish cast-iron; soft, very dark gray in

colour, very fusible, containing a very large proportion of uncombined carbon in the state

of suspended graphite, diffused in scaly or micaceous crystals throughout the mass, upon

which it confers its peculiar form of large, pretty uniform, but irregular and ill-developed

crystallization, with its dark gray metallic lustre relieved here and there by light reflected

from the flat faces of spangle-like crystals, some of which often can be separated, and blown

away from the surface. This is the other extreme end of the series of cast-irons ; the most

fusible and liquid when melted—the least rigid and tenacious, and the softest when cold.

Cast-irons, produced directly in the blast furnace, with properties intermediate between

Fig. 6 and Fig. 5, and passing by insensible degrees from one to the other, or produced

by mixture in fusion of the two, constitute the vast mass of the castings of commerce for

all purposes, and the pig-irons known as Nos. 2 and 3 ; and of these mixtures, cannon, &c.,

are frequently cast. But

—

Fig. 7 represents a portion of the fractured surface of a mass of " finely mottled cast-

iron," of the proper texture and quality for casting ordnance, as obtained directly from

the smelting or blast furnace, and at once run into guns. If run into pigs, and again

melted for guns, it approaches in the process either towards No. 6 or No. 5.

This mottled iron may be imitated by mixing Nos. 6 and 5, with more or less success,

in proportion to the skill and tentative knowledge of the founder, and the qualities of the

pig-irons employed ; but i/ie physical properties of the cast-iron so produced are totally diffe-

rent from those of mottled iron prepared in the smelting process, by u-hich, alone, fineness of

mottle can be insured. The fineness suited to guns is shown in the figure, to natural size.

Fig. 4 represents the form of development of crystals in octohedrons, frequently found

lining the walls of " draws," or other internal cavities in castings of iron. That figured was

in fine mottled iron. The subject is referred to in Chaps. 5 and 6 of text.

Figs. 1 and 2 represent the two normal extremes of molecular structure of wrought-

iron of good quality.

Fig. 2 is a fragment fractured from a large mass offorged or steam-hammered iron : it

consists of large crystals ; some, in the specimen drawn, as large in surface as a fourpenny

piece, with distinct cleavage in planes, generally perpendicular to the cooling surfaces or

contour of the mass, and, therefore, generally parallel to planes of fracture.

Fig. 1 is a portion of a round bar, of 2 inches diameter, rolled out of iron identically

the same in quality with Fig. 2, the bar being " nicked" on one side, and then broken and

bent back by blows to the form figured. Its structure consists of perfectly uniform,

straight fibre, or crystals, all parallel to the axis of tlie cylindric bar. This is the other

normal extreme.
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No. 2 can be transmuted to the structure of No. 1 by rolling simply, without any other

change, and vice versa, No. 1 may be transformed to the crystalline and comparatively

brittle and uneven structure of No. 2, by welding and forging together the most tough and

perfectly fibrous bars, provided the mass be large. See Chaps. 22 to 26 of text.

Note K.—(Sect. 89.)

This may be put under another form:—If the tension due to the integral or sum of all the

partial strains of the exterior of the gun exposed to tension by the variable strain of the

expanded interior =
ft; 2irR = the length, R being the radius corresponding to

ft,
and

/= the extension sustained between t and t', then T = fte
-—=, and ifp be the coefficient of

rupture due to the material. Rupture will occur when

I

or, to prevent it, ft
must exceed

^P = ^^2^'

I

p--
2TrR

A consideration of these conditions, along with those developed in the latter chapters of

the text, will indicate the inutility of construction of guns or mortars of cast-iron of conside-

rable thickness, and reinforced with a single ply of heavy wrought-iron hoops, shrunk-on

hot, or driven on upon a conic exterior, as originally proposed by M. Thierry, Cap. d'Artil.

(" Applic. du Fer au Construe. d'Artillerie," torn, i., p. 153, Paris, 1834), and since attempted

in various forms in England, one of the latest being a proposition to strengthen ( ?) the

13-inch sea-mortar, of one caliber thick, by one ply of about 3 inches thick of such wrought-

iron hoops outside. In all such cases, from the great thickness and rigidity of the interior

cylinder of cast-iron, the latter is strained to its utmost limits and split, before any effectual

support can be derived from the exterior hoops. They are, therefore, useless in any case,

except when, as in the construction proposed in the text, the mutual relations of the interior

and exterior of the compound gun, are such as to equalize and make perfectly isochronous

the strain upon both. It must be distinctly understood, however, that the constructive

references and figures in the text of the subsequent chapter, headed, " Proper Construction of

Wrought-iron Guns of the largest class," are not to be viewed as more than indications of

the principles of design proposed, and not as conveying detailed instructions as to the prac-

tical methods of carrying such out, for which special designs and specifications, fitted to the

particular case, would be demanded. I state this, to avoid the possibility of a cavil being

raised on any point of practical detail of structure, where none are meant to be given.
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Mr. James C. Maxwell, in a very able paper, in " Trans. Roy. Soc, Edinb.," vol. xx.,

pt. I., p. 87, &c., " On the Equilibrium of Elastic Solids," has investigated, in his third and

ninth cases, problems which are closely related to those here in question in the text. Unfor-

tunately, his calculations all assume the elasticity of the body perfect—a condition which the

researches of Professor Hodgkinson have shown to be far from practically applicable to any

of our known materials of construction. Soc also E. Clarke's "Brit. Bridge," vol. i., p. 451,

as to the effects of previous strains beyond the elastic limit, on subsequent ones within

the same, and transversely applied.

As respects the distribution of heat in the mass of solids, in relation to its unequal dif-

fusion in heated guns, see Duhamel, " Sur les Equations generales de la Propagation de

la Chaleur dans lea Corps" (Jour, de I'Ecole Politech., t. xiii., p. 357) ; and Poisson, " Memoire

sur la Distribution de la Chaleur dans les Corps Solides," Idem, t. xii., p. 144, and second

Mem., p. 249.

Note L.—(Sect. 133.) See Note C.

Note M.—(Sect. 141.)

See Note O. 'I'he Reports of M. F. le Plaj', Eng. des Mines (in "Ann. des Mines,"

4me ser., t. iii. p. 503, and t. ix. p. 113) comprise one of the most complete accounts of

the steel manufacture in England, and abroad, that has been produced. See also list of

German authors at conclusion.

Steel made by the direct or puddling process, has long been a branch of industry in

many parts of Germany, where it is applied with great economy, to a number of objects, for

which we content ourselves with cast-iron or other material. It is afforded at prices from

one-half to one-third that of our English cast-steel.

At the Exhibition of 1851, amongst the products of the ZoUverein, was puddled steel

from the works of Messrs. Lehrkind and Co., of Haspe, near Hagen, of very good quality,

at £22 per ton, at the Works. For fine-cutting tools, or other purposes demanding a keen

and persistent edge, however, it is immeasurably inferior to English cast-steel, produced by

cementation.

Note N (Sect. 149.) See Note S.
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Note O.— (Sect. 181.)

It appears that cast-iron field-guns have been in use in the Swedish and Danish services

since 1831, the first trials dating back to 1804; and that now, after several years' expe-

rience, they are preferred to bronze guns by the Artillery of both countries. See Jacobi,

" Sur I'Etat actuel de FArtillerie Swedoise," 1849. Cast-iron field-guns have been tried

in Sweden as far back as 1805; and in 1848 their horse artillery was armed with such

guns. Some Swedish and Danish cast-iron field-guns were placed in the Exhibition of

1851, amongst which were—A Swedish 6-pounder, 5 ft. 5-75 ins. long; 3-828 ins. caliber;

charge, 2 lbs. 7 oz. ; weight of gun, 803 lbs. The British bronze gun of same class weighs

G72 lbs. A Danish 6-pounder, 5 ft. 3-5 ins. long; weight, 874 lbs.

In the United States, cast-iron 6-pounder field-guns have been employed at least since

1844. They are from the established models of bronze guns of equal caliber, but in-

creased in thickness at the breech part, without corresponding increase of weight, by a

certain reduction of thickness towards the muzzle. The successful use of these cast-iron

field-guns would appear to dispose of many of the objections that have been groundlessly

urged (even by some of the local artillery authorities in the United States), and by others,

against the advantageous application o( wronght-iron to the same purpose; for very many

of the objections, for example that of corrosion, apply equally to both, or with greater force

to the former.

Note P.—(Sect. 190.)

A VERY remarkable instance of the internal tensional strains produced in cast-steel, in the

process of hardening or tempering, has, since the text was written, met my eye in the

pages of the "Franklin Journal," vol. viii., p. 133, in which a tolerably large cylindrical

pivot for a shaft, with a hole through it too, in the axis of the cylinder, burst or split into

two or more pieces, some time after having been hardened, with a noise nearly equal to

that of a pistol-shot, and throwing the fragments several feet. The external edges of the

fractures presented an arrangement of minute crystals penetrating its substance perpendi-

cular to its external contour (like those of chilled cast-iron) ; thus proving that in steel,

also,—although, from the minuteness of the crystals, much less marked, and generally

scarce distinguishable,—the aggregation of its particles follows the general law announced

in the text.

The steel guns, made and tried, by the Hanoverian and other German Governments,

were all of small caliber, and their proportions much about the same as those of bronze

guns; indeed, a 12-pounder, repeatedly proved at Woolwich, a year or two since, with
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enormous charges, and without injury pave the loss of a trunnion struck off in recoil,

appeared to have a good deal a greater tliickness than usual in bronze guns: it was very

short. On the principles announced in the text then, those guns, possessed of an enormous

surplus strength, are safe enough ; but upon guns so proportioned no argument whatever

can rest as to the generally advantageous character of steel guns.

A very different result awaited a much larger gun, of cast-steel, made and proved last

year at Woolwich. The magnificent forging for it—which, from observation, I can state to

have been of steel of extremely fine quality—was supplied by IMr. Krupp, of Essen. It

was about lOi feet long, and as much as 17 inches diameter at the larger end. The boring

and turning were effected, and the construction of the gun,—of which a longitudinal

section is given below,—-was under the direction of some of the autliorities at Woolwich.

«^;:>^

The steel forging—originally intended, it would appear, for a 32-pounder—was bored

out to an 8-inch gun, and, when completed, the diameter round the powder chamber was

about 16 inches, leaving the thickness here not more than 4 inches or 4^ inches, or about

half a caliber.

The finished steel gun only weighed about 2^ tons; and, to carry out the established

system of absorbing recoil by mere crude weight, a cast-iron jacket, or " chemise," was

made to slip over it, of no less than 7 tons weight. This was bored at the bottom to fit

the steel gun, which was here secured to the chemise, by the wrought-iron breech-ring

screw, passing through the chemise, and being tapped into the steel. The steel gun, except

here, had a free space of about an inch all round between it and the chemise ; but, at the

mouth of the latter, the gun was supported and kept central by a wrought-iron circular

ring flange, bolted to the mouth end or face of the chemise.

Tlie gun itself, therefore, derived no support, or reinforce, whatever, from this un-

wieldy mass of cast-iron round it, and on to which the trunnions were cast.

The vent was bored out right through both chemise and gun, to about 1^ inches dia-

meter, and a steel or wrought-iron vent was tapped through both, and rigidly connected

them at this point at least.

3 c2
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A more injudicious and unscientific construction it would be difficult to imagine, or

one that more thoroughly exposes the barbarism of the established notion as to absorbing

recoil,

—

seven tons of useless material, to be for ever after carried about to absorb the recoil of a

machine, the total weight of which was 9i tons, while that of the only part of it of any

real use was 2-^ tons ; and this exclusive of any gun-carriage whatever.

The gun was intended to have been proved with single, and then double, spherical

shot. Several elongated shot, of various forms, had been provided for trial with it ; and

it appears that, confident in the presumed enormous strength of the material, the first shot

fired was with a charge of 25 lbs. of powder, and one elongated shot of 260 lbs. weight. The

form of the shot was oylindro-conoidal, with a recess of about J-inch deep, taken out for

2 inches wide, or so, round the cylindrical part at the rere of the shot, and replaced by a

wroucht-irou ring of the same size, and with the rere edges bevilled away towards the

inside, under the idea that it should act like a piston-cup, and close all windage at the

moment of explosion.

The oun burst at the first discharge, as it should have been foreseen it must do, break-

ino- into ancrular, glassy, irregular fragments, like those shown in lighter lines, and shatter-

inn- the chemise also into two or three huge pieces. The muzzle portion of the gun (all

nearly that was outside the chemise) remained entire, and was thrown forward in the usual

way. The shot was not found for some time, and then beyond the butt, over which it had

flown. On examination, it was found (with some surprise) that the wrought-iron ring upon

it, had been ripped off, and had either been driven forward, or had so crushed the substance

of the cast-iron shot, immediately in advance of its forward edge, that the metal was here

torn away and gone, leaving a sort ofinclined plane, reaching some halfway along the sides

of the shot towards its point.

The parties interested in Mr. Krupp's manufacture are of opinion that this shot, from

its malformation, stuck or became wedged in the gun, and that the latter burst from this

cause, and this only. In this opinion I cannot coincide. The inertia of an elongated shot,

of such an enormous weight, in proportion to its diameter (eight inches), was so great,

that no doubt the wrought-iron ring may have been driven forward upon it, crushing and

disintegrating the sides of the cast-iron shot before the latter began to move at all ; but

this would not cause it to jam in the gun; on the contrary, the moment the shot itself

bcfan to move, it would pass through, as it were, and free itself from all this debiis, which

would be swept along with it out of the muzzle. But the mischief was already done, the

CTun was already ruptured, before the shot had probably moved at all ; this is the great and

irremediable evil of elongated shot.

But, would the gun have stood an equal charge of powder and of iron, with equal

P
windage, even of spherical shot? I believe not. If, from the formula, i— V"-, we calcu-r

g

late the maximum pressure per square inch on the gun, assuming its caliber 8 inches, or.
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say, 50'5 inches area, and the length of trajeot of the shot to have been 8 feet, we shall find

that the maximum pressure per square inch upon the gun could not have been much less

than sixfold the ultimate coefficient of rupture for cast-steel
; yet even this enormous strain

a bronze gun might possibly have withstood for a moment with no more damage than

enlargement of bore; but expose the rigid steel gun to a strain, but for an instant, greater

than its ultimate cohesion for continuous force, and fracture results.

This example, then, though not conclusive, from the want of provision that appears to

have attended it, fully indicates the faithless nature of this rigid material, where its re-

sisting powers and tlie forces acting upon it, are at all nearly balanced.

The immense excess of bursting force exercised upon this gun, over and above that

merely necessary just to rupture it, is evidenced by the irregular and curved lines of the

fractured fragments, which are only found to follow the directions indicated (in Chap. 2,

text), in sound guns, exposed to bursting strains not greatly in excess of their resistances.

This is very satisfactorily shown by comparing the numerous diagrams of fractured guns in

the experiments made at Gavre, in 1836 (Correard, Paris, 1837, 8vo), and those of the

" United States Reports" (Triibner, London, 1856, 4to), on Columbiads and other heavy

guns.

The occasional apparent departure of the lines of fracture, from tlic lines of re-entering

angles on the external contour, or other directions indicated in the text, is not, therefore,

any disproof of the correctness of the views there advanced, but a consequence of great

excess in the bursting power, which always produces angular, knife-edged fragments and frac-

tures, in irregular curved lines, crossing each other, from causes not difficult to artalyze.

The fracture of steel is, however, always more of this character than that of cast or wrought

iron.

I am informed a 12-pounder steel gun, at Vincennes, has been fired more than 2000

rounds, without showing any symptoms of injury, except enlargement of vent.— since

bouched with copper; and that it is intended to proceed with 6ring it up to 10,000 rounds,

if practicable.

\( ii'iili a large excess of strength, there can be no apprehension that it will not stand this

test.

Note Q.— (Sects. 206 and 214.)

On the 12th July, 1855, a wrought-iron 8-inch gun was proved at Woolwich, and burst

into several pieces at the first discharge.

This gun was forged at the Gospel Oak Works, Shropshire, and was proportioned in

length and scantling very nearly by the established cast-iron models, for the same caliber

and class of grun.
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The breech-ring was forged on solid to the gun, but the trunnions had been forged

separately and screwed into the body of the gun, into holes prepared with a slight rein-

force of metal round each, the screw-threads being of sharp or angular form, and nearly an

inch pitch. The gun was stated to have been formed by laying together longitudinally

some ten or twelve voussoir-shaped heavy bars, previously forged out to form, and welding

these together by continuous longitudinal weldings, the breech being also welded in; the

whole was then bored out and turned.

To the eye, both externally and internally, it presented an appearance of entire soundness

and perfection of material, and the result of its trial very much surprised the majority of

those who were present.

The proof-charge fired consisted of 28 lbs. of powder, and two spherical 8-inch shot.

The gun was split nearly in half longitudinally, with other secondary longitudinal frac-

tures, and by diagonally transverse ones, turning out through one, and near to the other,

of the places of the screwed-in trunnions. Upon examination, after the rupture, I found the

wrouo-ht-iron of a quality so fine, as to answer to what is called technically " over-worked."

Its fracture was everywhere confusedly crystalline, the average sizes of the facets not being,

however, very large, though in some places reaching the surface of a silver penny, say,

f-inch across ; fragments were capable of being broken off, from bevilled edges of the

ruptured masses, by blows, almost with the facility of cast-iron, and with the same short,

crystalline fracture, although bending a little more before finally giving way.

Along the face of the principal longitudinal fracture, and commencing at 1 foot 4 inches

from {he bottom of the chase, or very nearly opposite the seat of the shot, was the smooth,

bright, uneven (" slickenside" sort of) surface, that is, the evidence, in heavy forging, of a

false weld. This extended for nearly 4 feet in length, or almost up to one trunnion; it

reached all along, and opened right into the chase, and extended in depth into the sub-

stance of the gun about 3 inches, leaving some 5 inches or thereabouts sound (in some

places less); practically, therefore, the caliber of the gun, as respects the moment of strain,

was enlarged, at all the points of maximum distress, to at least 11 inches diameter, and the

effective thickness of metal was reduced to less than 5 inches.

One of the most remarkable features presented, however, was the trace discoverable of

the place of nearly every longitudinal weld, by a marked alteration of character in the frac-

ture and colour of the iron at those places. The metal along these lines, which several of

the fractures followed, and most markedly along the edges of the false weld, was of a silvery

white colour, and arranged in large, brilliant, smooth, flat, crystalline plates, some as large

in surface as a half-crown piece, say Ij to 1^ inches across, through whose planes of cleavage

(all lying parallel, or nearly so, to the plane of the welding between two original voussoir

bars), the fractures had taken place in most instances.

The crystals had followed in their arrangement the general law given in the text ; and
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the fractures had followed their planes of cleavage, as the " planes of weakness," or of least

resistance, in the mass.

The change of colour in the metal at these places was due, I imagine, to its having

united with a certain amount of silicium, introduced with the sand in the welding process,

or perhaps by cementation only, in the prolonged heating. The gun was stated to have

been more or loss heated in the forging for about six n-eeks. That the fracture in this

instance was originated in the false weld, does not admit of doubt. It is by no means

certain, however, that, had this unsoundness not existed, this gun would have borne the

same proof as an ordinary cast-iron gun of the same dimensions and of tlic best quality

;

indeed, I will venture to state ray conviction that it would not. This would not have

been so, had a more suitable sort of wrought-iron been applied to the making its consti-

tuent bars in the first instance; the "over-worked" iron used, having been, no doubt, the

result of over-anxiety, on the part of the highly respectable manufacturers of the gun, to

insure its perfection, by using for it the most highly refined iron.

The long false weld was perlectly undiscernible to the eye prior to proof, though, had

water pressure been applied as a preliminary test, it would probably have opened and

shown.

The method of putting together the gun in longitudinal voussoirs prior to faggoting

was a capital mistake, though offering some specious advantages, in the operations of

welding, and possible to be carried out upon a smaller scale.

The facts are worthy of notice, as indicating the absolute uncertainty that ever must

e.xist as to the trustworthiness of wrought-iron guns, forged in one great mass, although

executed without regard to cost, and by parties anxious faithfully to produce a result of

the highest excellence. Some of the evils incident to this gun might have been avoided

by greater experience and judgment ; but the main evil is inherent, and inseparable from

every huge forging, and most so where the weldings are most numerous.

The following document, addressed to the American Government, is so instructive upon

all that relates to this subject, that I print it at length :

—

" Report on the Explosion of the Gun on hoard the United States Steam-Frigate, 'Princeton.'

" The Committee on Science and the Arts, constituted by the Franklin Institute of the

State of Pennsylvania, for the promotion of the Mechanic Arts, to whom was referred, by

the Legislature, for investigation, the cause of the explosion of the gun onboard the steam-

frigate, ' Pi'inceton,' report:

—

" That they commenced their labours on the 5th of April last (1843), at a preliminary

meeting, on board the ' Princeton,' for the purpose of inspecting the gun in place, and for

arranging the order, &c., of the investigation. The deliberations of the Committee at this
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meeting led them to tlie conclusion, that a complete and satisfactory examination of the

causes of the explosion would render it necessary to institute a judicial procedure in refe-

rence to the method of proving and firing the gun, requiring a power not possessed by a

Committee of the Franklin Institute. This difficulty being presented to the applicants, the

Committee were subsequently requested to ' investigate the material and workmanship of

tlie gun,' and they have consequently limited their inquiry to this part of their original

instructions.

" In the first place, the Actuary of the Institute was directed to address a series of ques-

tions, furnished by the Committee, to Messrs. Ward and Co., the manufacturers of the gun;

and one of the Committee was requested to make such drawings and measurements as would

facilitate the investigation; to anotlier member of the, Committee was intrusted the duty of

causing to be cut from the gun a number of pieces of iron, in the form of bars, by means of

a planing machine or other instrument, so as not to change the texture of the metal, and

which might serve as specimens for testing the quality of the material. The largest of

these bars was afterwards given in charge to a member of the Committee, visiting Boston,

to be tested by an apparatus for breaking iron in that city ; and the other bars were placed

in the hands of the other members of the Committee, to be experimented on, in Philadel-

phia, by the breaking apparatus belonging to the Franklin Institute.

" These duties, assigned to the several members, have been faithfully executed, so far as

time and opportunity would permit.

" I.

—

Inspection of the Gun*—The Committee found the gun broken across, within the

trunnion bands ; the front part remaining entire, and still, at the time of inspection, in its

original connexion with the carriage. The breech part had evidently split into three large,

unequal, and irregular pieces; two of these, according to testimony, passed overboard, and

have not since been found; the other piece fell on the deck, at the distance of about 30 feet

from the carriage. The appearance of the cross fracture atthe trunnion bands is shown inFig. 3,

and in this the relative size ofthe faces of the fractures, left by the three segments blown off,

exhibited. The only remaining fragment of the breech part of the gun, that which fell on

the deck, is shown in Fig. 1. It is 5 feet long, and at the larger end embraces little more

* The precise dimensions of the " Princeton's" gun are not given. It was replaced by a wrought-iron gun, forged by

iMessrs. Horsfall, of Liverpool (Mersey Steel Compciny), which had the following dimensions, .ind which are probably much

the same as those of the original gun :

—

Caliber, 12 inches.

Length of chase 11 feet.

Thickness at place of charge, .... 7| inches.

Weight of shot, 210 lbs.

This gun was proved at Liverpool, with 44 lbs. of powder, and two shot of the above weight, and remained uninjured.
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than half of the entire circumference of the gun (see Fig. 2) at the middle of the fragment.

The transverse section forms a sector of a circle of about 120°; and at the end next the

trunnions, where it is separated from the forepart of the gun, it forms a sector of about 90°,

as is shown at a, Fig. 3. It is evident to the Committee, as before stated, that the breech

part split into three large fragments; but it would appear, from the testimony of persons

on board at the time of the explosion, that, besides tliese, a number of small pieces were

thrown off" in diflerent directions, some of which are said to have passed through the sails

:

of the number and size of these pieces, the Committee have no means of judging.

Fig. 1.

Fig. 2. Fig. 3.

Fio. 1.—View of the fractured surface, and of the interior of the bore of the large fragments.

Fig. 2 Section of the fragment across the large end nest tlie breech.

Fig. 3.—Section across the small end of the fragment, shown in Fig. 1, near the trunnions. A—Outline of gini under

the trunnion-bands. B—Outline of gun at the breech.

Scale.—Three-fourths of an inch to the foot.
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" II.

—

Mode of Construction, and History of the Material of the Gun.—In reference to

tlie mode of constructing the gun, and the history of the material of which it was formed,

Messrs.Ward and Co. readily furnished direct answers to all the questions proposed to them,

and expressed a laudable desire to give the Committee any information in their possession

which might tend to throw light on the investigation.

"The following are the questions proposed to Messrs.Ward and Co.:

—

" ' 1. Of what description, and from that locality, was the ore from which the iron was

made ?

" ' 2. By whom, and where, was the iron made? Was the cold or the hot blast used?

Was, or was not, the iron puddled ? Was it manufactured by hammering, or by rolling,

or by both processes ?

" ' 3. In what state, and of what size, were the pieces of iron of which the gun was com-

posed ? Was the iron introduced into the work in the state of blooms or bars ? If in bars,

of what dimensions were they ? And were the faggots trimmed ?

"
' 4. Was any substance used to assist in welding ? What was the aggregate time

during which the gun was kept heated? And what was the average interval during which

the surface was exposed, in a heated state, between the weldings?

'"5. Describe the mode of manufacture of the gun, and the position of the bars severally,

as they were welded together.

" ' 6. What was the diameter of the shaft made by the first faggot, and the whole dia-

meter of the shaft made by longitudinal bars ?

" ' 7. Forward, if possible, specimens of the iron of the gun.

" ' And, in conclusion, the Committee will feel much indebted to you for any informa-

tion which may appear to you to be of interest, in reference to the investigation, and

especially in reference to the change of structure which is supposed to take place in iron

imder long heating.'

" To these questions the following answers were given, in the order in which they were

proposed:

—

" ' 1. The ore, from which the bars used in the gun were chiefly made, was from beds in

the vicinity of Clintonville, in this State (New York), and known as the Arnold and Palmer

Ore, and we suppose it was used in about equal proportions.

" ' 2. The principal part of the iron was made at forges on the Ansable River, in

Clinton County, by two or three different individuals, and we believe that the hot blast is

used by them all. A few hundred-weight of the iron, used on the small end of the gun, in

lengthening it out, was puddled by ourselves, on the old plan, with bituminous coal, and

without artificial blast, and the whole throughout was manufactured by hammering alone.

" ' 3. Much the largest part of the iron used was in the form of bars, four inches square,

and in length of about 8^ feet. No blooms were used. A part of the bars, we should
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think about one-half, were trimmed at the end, the others not ; though the bars in the faggot,

with which we commenced, reached to the extreme end of the breech, and was then drawn

down from twenty inches diameter to about half that size, and then cut off; by which means

the fag ends were effectually got rid of, and, at the same time, the fibre of the iron drawn

round the end of the breech, to give it strength.

"
' 4. No substance whatever was used to assist in welding. Forlij-five and a quarter

'turns,' or days' ivork, were expended on the gun, from the time of commencement to its

completion; during which time it was, of course, kept more or less healed; and the average

time in getting a welding heat, when at the full size, was, on the breech, about four hours,

and, on the small end, two and a half to three hours.

" ' 5 and 6. The work was commenced with thirty bars, of dimensions the same as before

described, laid up in the usual manner of a faggot. These were heated and welded together,

and, when so done, rounded up, forming a shaft from twenty to twenty-one inches in dia-

meter. Iron was then laid on to enlarge the size, being for the most part prepared in the

form of segments, partly from scraps of our own working, and partly from bars, and made

of different thicknesses, to suit the position for which they were intended on the gun. The

weight of them must have varied from about 200 to 800 lbs., the heaviest ones being put

on the breech, on which were laid two tiers, or strata, the one being first welded, and then

the other upon the top of it. They were of such length usually, that three of the segments

reached round the body of the gun.

" ' 7. We have but two small pieces of the gun, which we had chiselled off from one

of the fragments, and which we wish to preserve. We would send them, however, were

it not easy for you to get supplied in the same way.

" ' In conclusion, we beg to remark, the iron was such as we had on hand when the

gun was ordered, and was not made with any special reference to it. It was what we

agreed to use in it, and was recommended by us as iron of a good and suitable quality;

and of this fact we have evidence the most ample. We had no time for preparation of

any sort; the order for the gun being given on or about the 4th of July, and the work

commenced in two or three days afterwards. The iron appears, to some extent, crystal-

lized, though we have seen instances of good iron, broken by a sudden and violent blow,

appearing much more so. With regard to its density, no doubt this will vary slightly

in different parts of the gun ; some parts having been expanded, by long heating, after it

had become of such a size that no hammers, at present known, could afl^ect it much,

—

though the hammer under which this piece was made weighs 15,000 lbs. The weight of

the gun, before being bored, was 27,390 lbs. Iron, when long heated, and not much

drawn, we apprehend, in all cases loses something of its fibrous properties, and assumes a

more crystalline appearance.

" Your Committee, we trust, are aware that the gun stood a charge of 49-;% lbs of

3d 2
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powder, with a ball, in the coldest weather of the past winter, and this under the disadvan-

tage of being secured firmly down, and not in a carriage where it could recoil. It occurs

to us to mention, that the bands which we made for the other gun, and which held it

together for more than a year past, were made from the same kind of iron as that of the

exploded gun.'

"Although the information contained in the answers of Messrs. Ward and Co. rests

on voluntary testimony, yet the Committee place the fullest confidence in its accuracy, so

far as it is derived from the personal observation of these gentlemen. The answers, how-

ever, do not state distinctly the process of manufacturing the iron of which the principal

part of the gun was made ; and, on this point, the Committee have since received infor-

mation, also entitled to credit, that, at the forges mentioned by Messrs. Ward and Co.,

the iron is formed directly from the ore, and without piling. Although iron, thus pre-

pared, is called, by some, a good ' merchantable article,' the Committee consider it of an

inferior quality for purposes where great strength is required.

" 111.—Examinations relative to the Homogeneity of the Metal, the Welding, l^c.— In

order to a preliminary examination of the quality of the material, pieces from different

parts of the large fragment were broken off, and the fresh fracture exhibited by these care-

fully inspected. The surfaces of these pieces were found to vary from a fine granular to

a coarse crystalline texture ; and, in one specimen, the face of a crystal was exhibited,

three-fourtbs of an inch long, and half an inch wide. The faces of the crystals were not

in the general plane of the fracture, but in various planes ; and the comparison of all the

pieces fully showed great want of homogeneity in different parts of the gun.

" It may, however, be proper to remark in this place, that the Committee were con-

vinced, from their own experiments during the course of this investigation, that the

difference of the appearance of the fracture of different pieces of iron depends very much

on the manner in which the breaking has been produced. In two fractures made in the

same bar,—the one by indenting with a chisel, and then breaking across an anvil ; and

the other by a gradually increasing pull,—the latter exhibited a fibrous structure, without

the appearance of a single crystal; while the other was pronounced, by a workman, to be

the fracture of a piece of inferior crystalline iron. It also appears, from the experiments

of the Committee, that although the fibrous fracture indicates a considerable degree of

ductility, it can, by no means, be relied on as an indication of the tenacity of the metal.

In one case, two pieces of remarkably soft and pliable iron, which exhibited a perfectly

fibrous texture when pulled apart, were found to possess about four-fifths of the tenacity

(i.e. ultimate cohesion) of a piece of iron which exhibited, under the same circumstances,

a granular texture.

" The Committee, however, are convinced, that when the fractures are produced in

the same manner as by means of a sudden transverse force, the appearance of the surfaces
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does afford, to an experienced eye, an indication of the quality of the iron, and that the

same appearance offers a ready method of determining the homogeneity of the structure

of a large mass.

" The next object of examination to be described v/as the surface of the original frac-

ture of the large fragment of the breech. This exhibited, in several places, traces of the

original bars of which the gun was constructed; also spots indicating a want of perfect

continuity in the metal,—which was the more evident, as these were, in some cases,

covered with a brittle scale of the oxide of iron, of the thickness of a sheet of drawing-

paper. The position and relative size of one of these spots is shown at a, in Fig. 1. It

is between 9 and 10 inches long, and, in the broadest part, 3 inches wide; it approaches,

at its nearest part, to within three-fourths of an inch of the chamber, and may have

extended into it in another plane oblique to that of the general fracture. Within this spot

was observed what, at first, appeared to he an imbedded lump of stone ; it was probably,

however, a mere scale of slag, since it was lost sight of in the subsequent operation of cut-

ting the iron. The Committee think it probable that, from the direction in which the

pieces must have been blown from the gun, and other circumstances, the rupture com-

menced near this spot, and that it was the approximate cause of the rupture taking place

in the plane exhibited, rather than in any other.

" Besides the spots indicating a want of continuity in the metal in the plane of the

fracture, the edges of many others, in different planes, were observed ; also a wide solution

of continuity was shown throughout a cylindrical surface, concentric with the bore, and

extending, in one place at least, entirely around the fragment. This was evident from the

fact, that oil, poured in at the upper side, came out at a, after passing through a distance,

within the fragment, of about 3 feet. Another opening, in the prolongation of the cylin-

drical surface, is sliown at c. The sides of this were separated to a distance of a quarter

of an inch, and, by inspecting these, it was evident that they had never been welded: into

this opening a wire was thrust, to the depth of 10 inches. From the end of the same

opening, a crack extends into the bore of the gun, as is shown in the drawing. At e is

shown the section of a small cavity of a triangular form, the longer side of which was

about an inch, and the shorter half of that length, which has the appearance of having

never been filled up. The large solutions of continuity concentric with the bore were, in

all probability, at the place where the large masses—described in the answers of Messrs.

Ward and Co.—commenced to be welded on to the longitudinal shaft.

"IV.

—

Ejcperiments relative to ilie Quality of the Material of the Oun.— In reference to

the experiments instituted for the purpose of testing the strength of the iron, it is impor-

tant, in the first place, to refer to the fact, that the pieces of iron were all cut from the

large fragment of the breech, and, therefore, from the immediate part of the gun where

the fracture occurred. The bar sent to Boston, to be experimented on by a member of the
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Committee in that city, was cut from the wall of the chamber, lengthwise of the fibre : its

position is shown at g, in Fig. 1. For the purpose of comparison, the same member of

the Committee was furnished, by Messrs. Ward and Co., with two bars of iron taken from

the same parcel, and supposed to be of the same quality as that used in the construction

of the gun.

" The following is a Report of the experiments and observations made with these bars

in Boston, so far as they have an immediate bearing on the questions to which the Com-

mittee are restricted. It should be recollected, that they were made by one of the members

of the Committee, and without a knowledge of the results obtained in Philadelphia by

the other members.

" 'The bar cut from the body of the gun was reduced, in a planing-machine, to the

size of 2 inches square, and was subjected to a transverse strain, supported at both sides

on knife-edges 20 inches apart, and the weight applied in the middle. The different

weights applied, with the deflections, and the permanent set caused thereby, were as

follows :

—

Weight aprlied.
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First specimen, from bar A, broke with

Second „ ,, ,,

Mean,

First specimen, from bar B, broke with

Second „ „ „

lbs. per Square Incb.

45,359

45,359

45,359

50,930

46,155

Mean

" ' II From the same bar, drawn down under a welding heat:-

48,542

Iba. per Square Inch.

One specimen, from bar A, broke with 39,375

B, „ 49,338

Mean 46,35(5

Mean of six specimens from original bars, . . . 46,086

" ' III.—From the bar cut from the body of the gun:

—

First specimen from this bar, unaltered by heating or

hammering, broke with 40,585

Second specimen from this bar, unaltered by heating

or hammering, broke with 36,606

Mean, • 38,595

One specimen from this same bar, drawn down under a welding

heat, 52,521

" ' In order to compare the iron used in the construction of the " Princeton's" gun

with other kinds of wrought iron, the following additional specimens were tested :

—

lbs. per Square Inch.

Russia iron, the common flat bar, one specimen, .... 62,644

English rolled iron, from different bars

—

lbs. per Square Inch.

Banke's, first specimen, 56,896

,, second ,, 56,169

Mean 56,532

Low Moor, first specimen, 58,888

„ second „ 53,317

Mean, 56,103
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lbs. per Square Inch.

American hammered Iron, from different bars,

—

Bridgewater, Mass., first specimen, 58,488

,, „ second „ 40,338

Mean 53,913

" ' Recapitulation of all the kinds of wrought-iron tried, showing the actual and the

proportional cohesive power of each at one view :

—

lbs. per Square Inch. Proportional Strength.

Russia iron 62,644 10000

TBanke's, . . . 56,532 -9024
English iron,

| l^^ Moor, . . 56,103 -8955

American, 53,913 •8605

Iron of the r Original bars, . 46,086 -7356

" Princeton's" < As in the gun, . 38,595 -6161

gun. I Same, re-worked, 52,521 •8383

" 'The results of this examination appear to show, that the iron used in forging the

" Princeton's" gun was originally of an inferior quality, having only about three-fourths

the strength of English iron. It appears, also, that the miginal strength of the iron is

coiisiderahlij imjMired by the i^rocess of welding it into so large a mass as that lohich formed

t]tegun,—the strength, before and after welding, being about as 6 to 5.'

" In the opinion of the General Committee, the specimen of English iron, used in this

comparison, is of a good quality, while that of the American is not of the best kind.

" The following are the results of experiments made at the Hall of the Franklin Insti-

tute, in reference to the quality of the material of the gun :

—

" I.—Experiments with the metal, in the state in which it existed in the gun :

—

lbs.

First specimen, cut from position marked h, near the bore of the gun, being

part of the shaft made of the longitudinal bars; strain, lengthwise of

fibre, broke with a tension on the square inch of 38,400

Second specimen, from the same place, circumstances same, broke with less

than 25,800

Another specimen, from position marked h, near the outside of the gun,

across the fibre, 31,100

Second specimen, from same place, circumstances same, less than . . . 31,100

Third specimen, continuation of the preceding, towards the breech, . . 41,400

Specimen in tangent to circle of bore across fibre of shaft, made by the lon-

gitudinal bars, from position marked L, broke with, 23,700
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" II.—Metal from the gun, annealed, but not hammered:

—

lbs.

First specimen, from position marked h, lengthwise of fibre of shaft, made

of longitudinal bars, broke in two places, the first breaking-weight being, 36,300

And the second breaking-weight, 39,100

Second specimen, from same place, • . 32,800

" III.—Metal from the gun, drawn down, at a welding heat, under forging-

hammer :

—

First specimen, from the position marked m 58,000

Second specimen, from the same 68,950

" Recapitulation :
—

1

.

The average tensile force with which the specimens from the interior of

the gun broke, when strained in the direction of the fibre, is less than 32,100

2. The specimen from the interior, strained in a direction across the fibre,

gave • 23,700

3. The specimens from the outside of the gun, across the fibre, gave an

average of less than 45,333

4. Annealed specimens from the interior, strained lengthwise of the fibre,

gave an average of, 36,067

5. The average of all the specimens from the gun, not hammered, is . . 33,300

6. The average of the specimens worked down under the hammer is, . . 63,475

" The general conclusions from these results are the same as those from the experi-

ments made by the member of the Committee in Boston, so far as the two series can be

compared.

lbs.

1. The average strength of the iron, as it existed in the gun, from both

series, is 33,586

2. The average strength of the iron from the gun, after being drawn down

with the hammer, from both series, is 59,824

3. The average strength of the original bars, from the experiments of the

first series, is 46,950

4. The average strength of good American iron, from the investigation of

a former Committee of the Institute, is 60,000

" No experiments were made, at the Hall of the Institute, on the original bars of which

the gun was formed, owing to a misapprehension, by Messrs. Ward and Co., of the request

of the Committee (see Question 7, and its answer) ; none of the metal, in its original state,

was sent to Philadelphia. The conclusion, therefore, in reference to the quality of the

original bars, rests on the experiments made in Boston. In the accuracy of these experi-

VOL. XXIII. 3 E
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ments, the whole Committee have the fullest confidence ; and, in this point, the result is

also corroborated by the fact of the large size of the bars, and that there is no evidence

that the iron had been piled.

" Besides the experiments given in this Report, the Committee commenced a series of

others, on the effect produced in a mass of iron by long heating, without cooling—by

heating and cooling alternately—by subjecting the metal, for several weeks, to a constant

vibration, &c. ; but the Committee are not clearly of opinion that they can depart so far,

from the inquiry to which they were limited.

" V.

—

Conclusion.—From the results of the whole investigation, the following facts are

derived :

—

1. The iron of which the gun was principally made was capable of being rendered

of a good quality by sufficient working.

2. In the state in which the iron was put into the gun, it was not in a sufficiently

good condition for the purpose to which it was applied.

3. As the metal existed in the gun, it was decidedly bad.

4. As to the manufacture of the gun, the welding was imperfect.

" These facts relate exclusively to the gun submitted to the examination of the Com-

mittee, and are derived from Immediate experiment and observation ; but, besides giving

these to the public, the Committee feel bound to express the opinion, that, in the present

state of the arts, the use of wrought-iron guns of large caliber, made on the same plan as

the gun now under examination, ought to be abandoned, for the following reasons :

—

1. The practical difficulty, if not impossibility, of welding such a large mass of

iron, so as to insure a perfect soundness and uniformity throughout.

2. The uncertainty that will always prevail in regard to imperfections in the weld-

ing ; and

—

3. From the fact that iron decreases very much in strength from the long exposure

to the intense heat necessary in making a gun of this size, without a possi-

bility, with the hammers at present in use in this country, of restoring the

fibre by hammering. At the same time, the Committee would not wish

to be understood as expressing any opinion whether the construction of a

safe wrought-iron gun, upon some other plan, is practicable or impracticable,

in the present state of the arts, inasmuch as this subject has not been referred

to them by the Department.

" By order of the Committee,

"William Hamilton, Actuary.

"Philadelphia, August 8, 1844."
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Nothing can more strikingly show the deteriorating effect of forging into large

masses (however done) upon the tenacity of wrought-iron, than the facts of the preceding

Report, nor the uncertainty of the process, as respects welding. That the latter difficulty

may be greatly mitigated (though it cannot be removed), by pre-eminent skill on the part

of the hammer-man, is proved by the success of the Mersey Steel Company, in the dupli-

cate perfected by them of the gun which failed for the " Princeton," and still more in the

stupendous and apparently perfect forging they have now almost finished into a gun for

Government,—no doubt by far the largest ever made in one piece, being 13^ feet length of

chase, 13 inches caliber, 14 or 15 inches thick at the charge, and about 9 inches at the

muzzle; a solid shot of which will weigh 300 lbs.

Note R.—(Sect. 214.)

See Note Q. Late experience has shown me, that in very large cylindric masses of forged

wrought-iron (i.e., of 3 feet diameter, and upwards), amongst the other abnormal circum-

stances involved in their production, is that of their frequently rending or tearing, inter-

nally, in planes nearly parallel with and about the axis, though not always in it,—

presenting characters similar to those described in Section 217; and the cause appears to

be, that in the progress of cooling of such a mass, the exterior cools first, and becomes rigid,

while the internal portions are still red-hot and soft. The external parts would contract as

they cool; but they already grasp, in perfect contact, the still hot interior; the exterior,

therefore, cannot contract fully, but becomes solid under constraint oircumferentially,

—

partly itself extended, in virtue of its compressing the still hot and soft interior; the latter

at length, also, becomes cold and rigid; but its contraction is now resisted by the rigid arch

of the exterior, with which it is surrounded. The contraction of the interior, therefore, is

limited to taking place radially outwards from the centre ; and thus the mass rends itself

asunder in some one or more planes parallel to the a.xis of the cylinder.

In a cylindric mass of forged iron, varying from 24 to 36 inches in diameter, rents of

18 inches in width across a diameter were found, with jagged counterpart surfaces, clearly

torn asunder, and about |ths of an inch apart at the widest or central part ; and the fact is

most instructive as to the enormous internal strains that must exist, from like causes, in

cast-iron guns and mortars of large size.

It is probably from this cause that more or less hollowness is found in the centre of

almost every large forging, greater in proportion as it is larger. The difficulty is one not

easily overcome: very slow, and, as far as possible, uniform cooling of the whole mass in

an annealing oven, suggests itself as one ; but this has disadvantages, in enlarging tlie

crystalline development of the metal; or providing a central cylindric opening, so as to

cool both the circumference and the centre together.

3e 2
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Note S.—(Sect. 2(55.)

Physical Constants of the Materials for Gun-founding.

The Reports of Colonel Talcott and of Mr. Wade (" Ordnance Reports, United States

Army, 1856") indicate generally that the ultimate cohesion, both of cast-iron and of bronze,

rises with increase of density, although several apparent anomalies are introduced, that

would have disappeared, under more rigorous and distinct methods of putting the questions

to experiment. Many of the data of these Reports, nevertheless, are amongst the most

valuable and important that have yet appeared.

In bronze gun-castings the extremes of density and tenacity were found to vary from

the gun-head's specific gravity 8-353, and with so low an ultimate cohesion as 26011 lbs.

per square inch, up to specific gravity 8'896, and cohesion 56,360 lbs. per square inch.

The density was found steadily to increase with increased head of fluid metal, varying in

the same gun, e.g., one of about 90 inches length (12-pounder), thus:

—

Top of gun, specific gravity, . . 8-523; cohesion, 23,108 lbs. per square inch.

Base of gun, ,, . . 8-775; ,, 36,672 „

In another gun the cohesion varies from 26,426 lbs. to 52,192 lbs. per square inch. At

about yjjths of the ultimate cohesion, bronze is stated to begin to stretch and permanently

lose form ; this estimate is probably much too high.

It is certainly surprising to find, throughout these generally valuable and elaborate

Reports, the most perfect neglect of the all-important constant of extension in relation to

strain. Ultimate cohesion, the final force of rupture, is systematically, and in very nume-

rous examples, ascertained, but the amount o£ extension by less strains, prior to rupture,

is not only neglected, but even the value of ascertaining such a constant at all, appears

to be unknown; for the testing machine, figured and described in detail, though capable

of determining the ultimate resistance to tension, compression, and transverse strain, and

the resistance and angle of torsion, appears actually i«ca/)aWe of giving the amounts of ex-

tension, under various strains, with any pretension to accuracy; the longest specimen pos-

sible to be tested thus, being limited to under 1 foot long (Prof.Hodgkinson's experiments on

extension of wrought-iron were conducted on bars oi fifty feet in length), so that it would

really appear that the importance of the coefficients T^ and Ty remains as yet unrecognised

by the United States Artillery authorities ; and the same seems to be the case at Woolwich,

where the testing machine is a duplicate of the American one, and, I believe, imported

thence. Compression, in relation to load or strain, this machine appears to determine,

although certainly with immeasurably less accuracy, than in the methods employed by
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Prof. Hodgkinson with long bars ; and amongst the results of this class, I find almost the

only trials of the crushing force for steel tliat I have met, thus r

—

Cast-steel, not hardened, .... 198,944 lbs. per squaru inch.

,, hardened low temper, . 354,554 „

„ hardened mean temper, . 391,985 ,,

„ hardened highest temper, 372,598 ,,

It seems scarcely credible that no series of experiments appears ever to have been made

by physicists or artillerists hitherto, upon the compressive force for bronze ; at least I have

searched for such in vain. Its importance, as one of the data for calculation, has been

pointed out in the text.

Some experiments are subjoined, for which I am indebted to the kindness of Colonel

E. F.Wilmot, R. A., Superintendent of Gun Factories, Woolwich Arsenal, who obligingly

had them recently made, at my request.

The series No. 4, appears to be of a character to use in practice ; the others, though nut

applicable so directly, are not devoid of practical interest.

Experiments made at the Royal Gun Factory, Woolwich Arsenal, on the Resistance of Bronze

Gun Metal to Compression, April, 1856:—
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Specimens marked Nos. 1 , 2, and 3, were cut from a " runner" of a cast, of a 24-poun-

der howitzer, thus:

—

B A
X ... 12" ... X ... 4" ... X ... 3 ft. 6 in. ... x ... 4" ... x ... 3 ft. 6 in. ... x 4" ... x ... 12" x

No. 1. No. 2. No. 3.

A is the upper and B the lower end of the cylindric " runner," which was 2i inches

diameter. The runner, of course, stood vertically in the mould when being poured.

The centre of each piece, Nos. 1, 2, and 3, was turned into a (solid) cylinder, 1 inch

in length and 0'5-inch diameter, A, B, C.

Composition of the metal used for charging the furnace in the casting of the gun :

—

Cwt. qrs. lbs.

Head, .... 13 3 22

Copper pigs, . . 25 1 4

Hard metal, . . 2 8 (half copper and half tin.)

The amount of compression was noted after each 2500 lbs. pressure, as given in the

Table.

The testing was discontinued when the axis of the specimen became oblique to the pres-

sure. This occurred in all the specimens, probably from the smallness of the base, or want

of homogeneity in the composition (want of the line of pressure remaining perfectly inva-

riable?—R. M.)

The power of the testing machine is limited to the greatest pressure given in the

Table.

Specimens No. 4 were cylinders taken from the cascable of a 24-pounder howitzer,

and divided into—A the top, B the centre, and C the bottom, cast under the pressure,

including the " dead head," of about 10 feet.

The time occupied in obtaining the results averaged two minutes for each 2500 lbs.
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The American experiments embrace some excellent results as to resistance to torsion.

The following, though not a summary, may serve as an example:

—

Comparative Resistances to Torsion of the three Materials for Cannon.
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and breadth of the prismatic hollow produced, and considering the hardness to be in

each case inversely as the volume of the material thus displaced. The results thus ob-

tained are, no doubt, of value ; but it admits of question whether, for artillery pur-

poses, the steel prism should not be impelled by the impulse of a constant weight, at a

constant velocity, i. e., falling from a constant height, instead of being merely slowly

pressed into the metal; and it is further obvious, from the remarks of the text (chaps. 27,

28, 29, 30), that neither method will afford any true measure of the abrasion and wear of

guns in service.

The following Table is a resume of the properties of the four principal materials for

ordnance, collected from the American experiments, and may be usefully compared with

the Table siv. of the text :—

Physical Properties of the Materials for Ordnance.

Metals.
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Note T.- (Sect. 2(5G.)

Field Batteries of Wrought-iron Guns.—A recent date has seen the reduction to one

caliber (12-pounders) of the whole field-train of France, the realization of the ideas first

developed by her distinguished ruler.

The advantages appear now confessed by all, and may be summed in great degree in

two sentences—simplification and increase of power. The latter has resulted much from

the abandonment of all the guns of smaller caliber.

It does not appear to admit of dispute that increase of caliber, and therefore of range,

must be always advantageous to the army possessing it. The decisive effect of the absence

or presence in the field of preponderating weight of metal, was strikingly shown last year

by that of the two 18-pounders so opportunely brought up by the English at Inkermann.

The general advantage, then, of increased caliber in field-batteries does not seem ques-

tioned; but with every increase of caliber, a train of consequences requires consideration.

The weight of ammunition ; the strength and weight of gun-carriages and ammunition

boxes, &c.; the horse-power for transport, and perhaps the number of men per gun, must

all be increased, but still faster, probably, in the ratio of £•' to D.

The weight of shot alone must increase in this ratio ; but it is far from certain that the

weight of powder must, for the experiments or propositions made by Brittan, the author,

Whitworth, and others, on elongated " running shot," with closed windage, prove that it is

quite practicable to obtain, with equal weight of such shot, equal ranges to round shot,

with charges of one-third, or even less, of established service charges ; but elongated shot,

with small windage, by which alone this important economy in cost for expenditure and

transport of powder can be realized, demands guns which shall be capable of withstand-

ing, uninjured, the greatly increased local strain at the moment of explosion, and which

bronze guns will not do ; the increase of dimensions, and, therefore, as respects ammunition,

of weight, and horse-power, would be reduced to what is needed for increased weight of

shot only.

As at present constructed, recoil is met wholly by the inertia of the gun and of the gun-

carriage; and if caliber be increased, these must be increased in mass to meet it; that is to say,

in undisguised words, our means for absorbing or reducing the recoil remain of that pri-

mitive character, that we carry about with us—over whatever diflBculties of country, or at

whatever expense, or destruction of horse-power—a quantity of dead weight, not required

to resist the explosion of the powder in its useful eflects, but merely to provide inertia to

bear its recoil. Now, it surely docs not admit of contest, that recoil may be absorbed by

elastic forces as well as by inertia,—by compression as well as by weight ; and that elastic

resistance may be increased as the caliber increases, without corresponding weight in

the equipments. Nor can it be doubted, that practical ingenuity can devise the means of
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connecting guns and gun-carriages, through the intervention of sucli compressible mate-

rials as shall admit of this being realized, without sacrifice of simplicity or effectiveness

in the gun. If this be done, the gun-carriage need not seriously increase in weight ; and

if applied to wrought-iron guns, whose weight for equal caliber and equal strength shall

be much under that of guns of bronze or cast-iron, as much weight may be saved in the

gun as, added to the equipments, may leave the entire gun no heavier than at present, and

yet give all that is demanded in resisting recoil.

The experiments given in the text indicate, that with guns much shorter than existing

models, but with gun-cotton ammunition, equal ranges may be obtained ; or, with elon-

gated shot and equal charges, greater ranges ; but to give resistance for such a mode of

firing, wrought-iron is the only material fitted for the gun itself. Ultimately, then, we

may look forward to the introduction of wrought-iron field-guns mounted on carriages

constructed to receive and absorb the recoil by elasticity, instead of the old and barbarous

expedient of mere weight, and adapted, in length and contour, to gun-cotton and elongated

shot, with minimum windage, and of enlarged caliber,—perhaps all 18 or 24-pounders,—yet

which shall have no greater element of difficulty in their transport or working, than shall

be inevitable to the carriage of an increased total weight of shot; and even this weight

would not increase quite in the ratio of D^ to D over that for existing guns,—for the ad-

vantages in the Geld to be anticipated from such power would, no doubt, reduce the quan-

tity of ammunition, or the number of rounds requisite for a given object, considerably.

The advantages in view would be, all those that the French field-train has already

derived from the Emperor's reform, carried out and extended: the power of throwing

shells and shrapnells of a size and weight to be really effective—the only point, perhaps,

in which the French 12-pounders are found deficient,—increased range—increased accuracy

of fire—and the capability of employing such field-guns, upon emergency, as effective

instruments of demolition against places of strength, from the increased inertia of motion

of their heavy shot.

Something might be set down, also, in favour of wrought-iron field-guns, to the small

value of the material, and, as proposed being mounted, to their lightness and the facility

of detachment from the gun-carriage, rendering dismounting and disabling the gun more

rapid and complete, capture less valuable as well as less easy, and setting free an enormous

capital, now laid up idly in the bronze guns of European powers.

The relative advantages and disadvantages of any projected change in field artillery

involves so -many contingent circumstances, each demanding separate and careful consi-

deration, both as to its own effect and its relation to every other part of a complex system

or machine, that the views thus attempted to be sketched within the limits of a Note

must leave the subject most imperfectly treated, and liable to much objection. I would

respectfully commend, however, to professional military readers, the primary idea, of the
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practically caiTying out the consequences of taking up recoil in field-guns, not by inertia,

but by elasticity, as productive of future results, in connexion with wrouglit-iron guns

and improved ammunition, likely to revolutionize our existing field artillery.

Note U.—(Sect. 270.)

The American Reports contain some interesting accounts ol' their methods of mav'in"

musket barrels by water pressure ; but there are no systematic results as to the relation of

resistance to fluid pressure from within, to diameter and thickness of metal.

The experiments of Lieut. Hagner, U. S. A., indicate that the best musket barrels will

not sustain, witliout injury, a steady and continued water pressure of above (5400 to GSOOlbs.

per square inch of internal surface ; and, taking the section of resisting metal from the

thinnest part of the barrel exposed to the pressure, the strain per square inch of section

of wrought-iron due to this pressure is about 25,500 lbs. So that, even on these thin

cylinders, the rupturing strain is much below that of direct tension, which, for the iron of

tliese barrels (Salisbury, U. S.), is given at 66,000 lbs. per square inch.

Note V.—(Sect. 271.) See Note T.

Note W.—(Sect. 282.)

Resistance of Cylinders to Fluid Pressure from ivithin.

For the following original investigation 1 am indebted to my learned friend, A. S. Hart,

Esq., LL. D., Fellow of Trinity College, Dublin, whose attention was directed to this subject

by my questioning the correctness of Professor Barlow's deductions from his own theory, and

stating to him (though imperfectly and incompletely) my own views as to the effects of

distance from the a.xis upon the effective resistance of any given lamina.

With his permission I place it in this Note, and gladly avail myself of the opportunity

of acknowledging the advantages I have derived, on this and other subjects, from his great

mathematical ability.

" The cylinder may be considered as consisting of a series of cylindrical laminre, the

inner of which is extended by the pressure of the fluid, part of which pressure is sustained

by the resistance of the first lamina, and part transmitted to the next, and so on.

3f 2
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" If the cylinder be conceived divided by a plane, it is evident that the force which

tends to separate its portions is proportional to the area of this plane, and is a maximum

where the plane passes through the axis ; and the same is evidently true of each of the

cylindrical laminte.

" Let p be the radius of any of these cylinders, and 2P the corresponding force, the

length of the cylinder being unity. Also, let p + 8 be the radius of the same cylinder

when extended, then (according to the common theory),

dp p

" Again, let two consecutive sides of the cylinder subtend at the axis, the angle 0, the

portion of the lamina included between these sides sustains a pressure P9, and its original

thickness having been d^, and its thickness under pressure d^ - dS, we will have (according

to theory)

PO = -k'pe~, or P^-lcpf.. (2)
dQ ap

" Multiplying the sides of this equation by those of the preceding equation, we get

PdP=kk'SdS; (3)

therefore,

P-- = kk' {S- - A%
(A being the value of S at the outer surface of the cylinder, where P= 0) ; and eliminating

P between the equations 2 and 3,

dS Jk dp

v^(o--Av \A' p

and, by integration,

8+v/(g^-An Yp V-^' (4)

(R being the radius of the outer surface of the cylinder).

" But if r be the radius of the inner surface, and n the pressure of the fluid on the unit

of surface, the value of P for the inner surface will be n>' ; and, substituting this value in

equation 3, we have

Wr' = kk'{S''-A^) (5)

(8' being the value of 8 at the inner surface) ; and eliminating A between equations 4 and 5,

we get

g' = UlL ^- '' + '--'

. (G)
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!St vah

the corresponding pressure,

and \i 1)1 be the greatest value of —which the metal can bear without Cracture, we get for

n = mV/ck-. .

(7)

" This conclusion depends upon the following admissions:—First, that the extending

force bears a constant ratio k to the extension ; secondly, that the compressing force bears

a constant ratio k' to the compression ; and, thirdly, that fracture only occurs when the

extension has exceeded the limit m; but it remains still to be proved by experiment wlie-

therthe resistance to extension is diminished or increased by simultaneous compression in a

transverse direction, and vice versa. Judging from the fact, that the extension of a piece of

India-rubber produces a visible compression in the transverse direction, and vice versa, it

seems probable that the effect of either of these forces must diminish considerably the power

to resist the other; and, if this be so, the resistance of the tube will be lessened; it is, also,

conceivable that a very great compression might of itself produce fracture, i.e. disintegration,

without any extension ; or might (before reaching the crushing limit) make the material

more easily broken by a transverse tension.

" Supposing these objections (which apply to all the common formula; for strength of

materials) can be disposed of, that k = 111, the expression for n assumes a very simple form :

—

, R- - r-
n = mk -J- ; .•.W<mk. (8)

K' + ?'- '

" As respects gun barrels, it should be remembered, that the transmission of the strain

from the inner to the outer surface of a thick barrel occupies some time, which may,

perhaps, be sufficient to make a sensible increase of strength, by retarding the entire effect

until the ball has had time to leave the gun ; and that this same cause may produce a great

increase of the compression of the inner surface at the first instant of the shock.

" In estimating the strength of tubes, it is not necessary to consider the fact, that fracture

usually takes place along one side first; it is possible that the opposite side may have pre-

cisely the same strength—in which case they might yield together.

" On the Ejfect of Fluid Pressure upon the Tube.— 1°. Let the tube be supposed in

its original state free from any strain; let r and R be the radii of its inner and outer sur-

faces, and let a pressure of F tons per square inch be applied to the inner surface: the

effect of this pressure will be to extend the inner shell, and thereby cause it to press with

a force F' on the shell next to it, and so on to the outer surface. Now, if :r be the radius

of the inner surface of any of these shells, and .v + dx the radius of its outer surface (the

shell being supposed indefinitely thin), and if/,/' be the corresponding pressures, the internal
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force on each unit of length of the tube, tending to sijlit this sliell into two semi- cylinders,

is ifx, and the forces which resist this are 2/' (.r + dx) plus the tenacity of the material.

Let this latter force be supposed proportional to the extension, and let 8 bo the increase

of the radius .r produced by this extension; then, since the extension of the circumfe-

rence, divided by the circumference, is equal to the extension of tlie radius, divided by

the radius, the resistance at each extremity of the diameter, along which the tube is sup-

s
posed to spUt, will he k - dx (the value of A is immaterial, as it does not appear in tlie final

result); and the condition of equilibrium will be

g
2/:r=2/' {x^'dx) + 2k-dx;

or, if

fx=P, f {x + dx)==P + dP,

the equation becomes

dP^k-dx = 0. (9)

" But it must be observed that this shell can only communicate pressure to the next one

by virtue of its resistance to compression in the direction of the radius, and that this resis-

tance may (according to the common theory) be assumed to be proportional to the com-

pression, that is to say, since dx was the original thickness, and d {x+ S) the thickness

under pressure, the resistance is proportional to - — ; therefore, if A' be the exponent of this

ratio,

f^l^-k'f. (10)
' X dx

" From these two equations Pand S are to be determined; multiplying them, we have

PdP = kk' SdS, and integrating,

P= = Ai'(S^-A=), (11)

A being the value of g at the surface, which is free from pressure. It is not necessary to

suppose k = k', but the calculation will be abridged by the supposition; and eliminating o

between (9) and (11), we have, on this supposition,

dP -/(P' + k'-A^) „-_+ =0;
dx X

and, by integration,

V(P' + A=AO = P+'^.
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(o being a constant introduced by integration). But since, when x = P, P=0, the equa-

tion will, in that case, become

c

and, eliminating e by means of this equation, we find

^^
2

R_x\
.V r)'
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;> = - ^(^ -
'') 1737- •

- - - ^7j77 • ?

and uniting this with the value of P, given in equation (13), we have the original condition,

p=^(i^-,r)-^^ -. (14)

" IV°. To find the pressure on each shell during the construction of the tube, before

the outer shells have been put on, we must suppose the pressure = at the outer surface of

the shell last put on, whose radius we may represent by ?/ ; therefore, we must apply at this

surface a pressure, such that

to counteract that given by equation (14), and we must suppose the pressure = 0, as before,

when a- = r; then substituting, in equation (12), y for r and r for R, and the above value of

P for Fr, we have

p= - 1 IK-l ) -5F5
• — , -^; ; . -= + 1 —— —

,
' ^ ^'R + r y r--y X (H + r) {r -i- y) x

and, uniting this with the value given in equation (14),

p^^R(x-r){y-.v)^
(1.5)

x{r + y)
and

''1 dP ,^ R{x^--ry)

,r dx X- {}• + y)
(1<5)

" The practical construction of a tube on these principles is immediately derived from

equations (13) and (16). Thus, if it be required to construct a tube capable of sustaining

a pressure double of the tenacity due to the material, we must make F= 2T, or R-r = 2i-;

that is, the thickness of the tube must be equal to its internal diameter, and, in order to

produce the required pressures on the successive shells of which the tube consists (the num-

ber of which theoretically should be infinite) it would, perhaps, practically be sufiicient to

divide the thickness into four (or a greater number) of equal parts. In this case, if the

3 2
inner radius be r, the outer radius of the first shell would be -r, of the second -, of the

2 r

third g ?, and of the fourth 3r = R. Then, to find the mean tension of the second shell, when

first put into its place, and before it has been enveloped by the third, we must substitute, in

7
equation (16), the values R = 3r, y = 2r, x = r »'

;
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whence the mean tension
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inner rings is before the third is put on, and, again, what the strain on the third is before

the outer one is put upon it. These are found to be—

The strain of the second ring upon the first, .... 0-93 tons per square inch,

,,
ofthe third ring upon the first and second, . 149 „ ,,

„ ofthe fourth ring upon the three inner ones, 184 „ „

Let it be assumed that a strain of one ton per square inch results from a dlfierence of tem-

perature of 16° Fahr. in a thin hoop, placed hot upon a solid cylinder of cold cast-iron, then if

the thickness of two superimposed rings be the same, it is obvious that the inner one will

be compressed, as much as the outer one is extended. The strain on each, therefore, will

only be half a ton per square inch. So that the difference in temperature at the moment

of superposition ofthe first and second rings should be 29°- 76 Fahr., and the same diffe-

rence of temperature would very nearly answer for each of the other rings, which results

in the simple rule, that each ring should be put on at a temperature of 30° above that of

the preceding ones.

The larger the diameter ofthe gun, the less injuriously will it be affected, upon this

construction, by the inequality of temperature produced by firing hot shot or by quick

firing. If a greater maximum pressure per square inch than that above taken be demanded,

and that still the maximum strain upon the metal shall not exceed 8 tons per square inch,

the increased thickness is readily found. If it be 20 tons pressure per square inch, the

thickness must be = 2-5r; if 40 tons, = 5?'; and soforth—the temperatures ofthe successive

rings being calculated as before.

The latter part of the preceding calculations, it will be observed, proceeds upon the

conception that the physical conditions of the metal of the cylinder (iron) are such as

to give rise to a strain of 1 ton per square inch for every 16° Fahr. difference of tempe-

rature, in accordance with the books of physical writers (e. g. Dixon on Heat, sec. 85).

The error of this conception has been pointed out in the text, as well as the extreme faci-

lities of practically fulfilling all the requisite conditions of theory, in cylinders thus built

up, which the actual physical constitution of wrought-iron confers. In fact, its ready power

to become stretched, at temperatures above a bright-red heat, at once avoids all difficulty

as to the precise temperature at which each ring is to be superimposed, and as to mathe-

matical precision in their respective diameters. The process in practice with rings varying

from 36 inches up to more than 70 inches diameter, and of various thicknesses, from 2 inches

upwards, and of different widths, from 24 inches down to 4 inches, has, in fact, been

actually found to be attended with as little difficulty as the shrinking-on ofthe tyre of a

railway wheel.
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Note X —(Sect. 28G.) See Notes K. and W.

Note Y.—(Sect. 289.) See Note W.

Note Z.—(Sect. 305.)

1 REPRINT the following two Reports nearly in extenso, not for anything of value which

they convey, but to demonstrate three things :

—

1°. How little real knowledge and competent judgment have yet been brought to

bear, even from " authority," on the question of the advantageousness, or

the contrary, of wrought-iron guns, as applicable to present times.

2°. To enable presumedly competent parties, who were decidedly hostile in view,

to state fully all they were able to advance against the adoption of wrought-

iron guns, in order that my readers may fairly judge, one of the main questions

I have treated, having both sides before them.

3°. To corroborate, by the facts of these Reports, the statements of the text, as to

the reality and magnitude of the difficulties inseparable from every attempt

to construct wrought-iron ordnance by welding up into heavy single solid

masses.

" United States Government.

" Bureau of Ordnance and Hydrography,

" April 2, 1844.

" Sir,—In reply to your letter of the 28th ult., transmitting a call from the House of

Representatives, for information respecting the strength, utility, and cost of wrought-iron

cannon, and the result of the experience of European powers on the subject, which may
be in the possession of this Bureau, I have the honour to submit the accompanying papers,

marked from Nos. 1 to 4, viz. :

—

" No. 1. Captain R. F. Stockton's Report of his gun practice, with his wrought-iron

gun, at Sandyhook.

" No. 2. Report of inspection of the first gun, by Commodore Wadsworth.

"No. 3. Captain Stockton's Report of proof of gun.

" No. 4. The cost of each of the wrought-iron guns, made under the superintendence

of Captain Stockton, so far as paid for by this Bureau.

" Our information in regard to wrought-iron cannon is very scanty. Tonsard tells us,

in a note to page 190, volume first, 'Artillerist's Companion,' that 'in 1776 an iron gun was

forged by Mr. Samuel Wheeler, an eminent artist, still Hving (1809) in the city of Phila-

3g2
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delphia. It was intended, at first, as a 4-pounder, but was only bored for a 3-pounder.

This gun was taken at tlie Battle of Brandywine, and is said to be now in the Tower of

London.' I believe this is the only gun of which we have any record in this country, as

having been used in actual warfare, and, as it appears, with success. The next account of

the manufacture and proof of wrought-iron guns in this country is found in the Report of

a Board of Officers of the Army, as follows :

—

" ' A 6-pounder wrought-iron gun, manufactured by R. and S. Hunt, anchor makers,

was tried at Watervliet Arsenal, in 1832. This gun was fired two proof charges, and

forty rounds service charges. At the eighteenth fire the band which held the trunnions

slipped ofi", and had to be replaced. After the forty rounds, the gun still remained ser-

viceable. The greatest enlargement of the bore was found to be 004 inches, which is

more than double that of any of the brass guns proved lately ; from which we may infer,

that if all difficulties were overcome, and a complete iron gun made, it would have no great

advantage over bronze, as regards its durability. It is understood that these same manufac-

turers failed in making other wrought-iron guns.

" ' Although a proof-gun can be made when the metal is selected with great care, and

the fabrication carefully watched, yet, in fabricating them on a large scale, it will be im-

possible to take the precautions necessary to insure the perfectness of all these numerous

welds. The smallest crack would contain moisture, which would produce oxidation ; and

this would, in time, destroy the gun. The Board do not think it necessary to incur further

expense in testing this material.'

" A»ain, says this Report— ' Guns of this material (wrought-iron) were the first used,

and they have been tried at various periods, since the first invention of gunpowder, and

always without success.

" ' The first and greatest objection is the difficulty of welding the parts together per-

fectly, and the still greater difficulty of determining whether the welds are perfect or not.

In the account of a wrought-iron gun, tried at Toulon in 1795, it is stated, that after the

gun was broken up, the cascabel and trunnions were found to be held only by a portion of

the faces which touched. Three-fourths of these faces showed the effects of rust.'

" It appears from most authorities that the art of casting guns was esteemed a great

improvement upon the more ancient art of forging them, and, whatever may have been

the cause, immediately superseded the latter. The cause may have been the vastly dimi-

nished cost of the cast-iron guns, or the facility of manufacture, or the opinion of greater

security and certainty in the use; or, probably, the combination of all these. Certain it is

that the forged guns went entirely out of use. (For the true causes of this, and correct

dates of the change, see Note B.)

" Several accounts of these forged iron guns are given by writers on artillery. Tonsard

says, page 168, vol. i.
—'There are at present (1809) on the ramparts of Narbonne two
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old pieces, composed of iron bars, applied lengthwise, and encircled with strong iron hoops

transversely, the whole soldered together. They are not much altered, although they

have been neglected for a long time ; but the rust has injured them most in the points of

junction, and made these more apparent. It is probable that if, at the time when they

were made, the arts had been as far advanced as they arc at present, they would still be

fit for service.

" ' New attempts have lately been made in France, at Guerigny, Department de la

Nievre, and in Spain, at Ccvada, New Castile, to construct such guns, and they have been

crowned with success. But at first, when compared with cast-iron guns, wrought-iron

heavy ordnance would have been attended with considerable expense, as well from the

price of metal as from the attention which their fabrication requires ; and secondly, the

enormous consumption and want of cannon at that time (1794) compelled a recurrence to

the most expeditious and least expensive proceedings— therefore, to conQne their fabrica-

tion to cast-iron. However, they (i.e., wrought-iron) are not half as expensive as brass

guns.'

" It may be remarked here, that Tonsard was strongly in favour of experimenting upon

wrought-iron cannon, with a view to their introduction into the service of the country.

He observes, however, of cast-iron, 'that if it was by some means possible to produce a more

perfect melting of the iron, cannon cast of this metal, with an equal thickness, would be

stronger, more durable, and lighter than brass cannon,' page 198. He gives the preference,

however, to brass cannon, because these are they ' the service of which should present most

security.'

"Grose, in his 'Military Antiquities,' vol. i., page 381, says, that cannon ' were, in

general, constructed of iron bars soldered, or welded, together, and strengthened with iron

hoops ; others were made of plates of iron rolled up, and fortified with iron hoops.' He
speaks of several ' at Woolwich, one belonging to Pooley, Esq., in Suffolk;' and ' also

several of those hooped guns in the Isle of Man, England.' Bombards were at first chiefly

made of hammered iron ; but, in process of time, many were cast of that composition

named bell or gun-metal. They were also sometimes made of plates of iron and copper,

with lead run between them. One of these guns was taken up on the coast of Ireland.

" That wrought-iron guns, constructed of iron bars hooped together, were used very

generally, we know from the specimens yet preserved, and the facts of history. James 11.

of Scotland lost his life before lloxburgh Castle, by the bursting of one of these guns. In

1545, a man-of-war, named the ' Mary Rose,' commanded by Sir George Carew, sunk off

the Isle of Wight, with her whole crew. Three hundred years, nearly, after the accident,

Mr. Dean, with his diving apparatus, raised a 24-pounder brass gun, and, at the same time,

some iron guns. The iron guns were formed of iron bars, hooped together with iron rings,

and they were all loaded, &c.— Wilkimoris Einjines of War.
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'" In 1813,an engineering company of Lyons, named tlie St. Etienne Company, proposed

to the French Government to manufacture all the guns then wanted of forged iron. They

sent to Paris a specimen 8-pounder,'weighing 570 lbs. It was mounted upon a truck-carriage,

with solid wheels, 17 inches in diameter, and fired with 3 lbs. of powder. The recoil was

25 feet; with 4 lbs. of powder it was 37 feet. The gun sustained nine rounds without

injury ; but the material was not approved of by the French officers. Other pieces, of the

caliber of 16 and 24, were made; the mode of fabrication seemed to be this:—Upon a

tube, formed after the manner of a common fowling-piece, or gun-barrel, bands of iron

were welded, embracing the tube, but in a direction contrary to that of the fibres of the

tube, until the requisite size and strength were obtained. The gun was bored out to the

proper caliber, and the breech-piece screwed in and soldered to its place by silver solder,

which was esteemed the best. The different bands of iron were welded to each other,

and to the tube, by blows from the hand-hammer.

" ' The inventor proposed to employ, in the fabrication of 24-pounders, &c., bars of

iron 12 feet long by 1 foot 8 inches, which, forged out into skelps, and converted into

bars thinned off at the side, were welded together over a maundrel, under blows of a trip-

hammer. The trunnions were welded to one of the (external?) bands. The bars used

were twisted; and they believed that, as the small arms manufactured were excellent, this

process aucmented the tenacity of the metal by a fourth ; and this was their secret.'

" But, extending the manufacture on a great scale, could we hope that the metal shall

always be scrupulously chosen, and that a practised and observing eye shall always watch

over tlie degree of heat which the metal ought to have, in order to work to a uniform

solidity the prodigious quantity of welding necessary to perfect the piece ? When the gun

is fired, the imperfect weldings will open imperceptibly, and the damps will penetrate the

fissures, which, after a time, will cause the gun to crack, and form within the bore leafy

exfoliations, which, retaining the fire, will occasion accidents. In short, the irremediable

oxidation of the bore, in time of war, will so enlarge it, as to throw the piece out of service

;

and in time of peace they would require constant painting to prevent this oxidation."

The objections to wroiight-iron guns are continued thus:

—

" 1st. They promptly destroy the carriages by the suddenness and extent of the recoil.

" 2nd. They incommode greatly the troops by the length of the recoil.

" 3rd. They will change their range greatly, by the continued and inevitable oxida-

tion of the bore.

"4th. They enfeeble the 'moral' of the cannonier, by the continued apprehension of

their bursting.

" ' In fact, these guns often burst, although the first pieces furnished by the Company

did not always burst. We have thus dealt at large upon the defects of wrought-iron guns,
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in order to reply, once for all, to the pretensions of an invention which claims to be good,

and is often represented as new.'

—

Aide Memoire, vol. ii. p. 784, &c. Paris, 1819.

" Some of the Spanish writers speak of wrought-iron guns. Thus, Ciscar, in his

' Tradada de Artilleria,' Madrid, 1829, says :
—

' We do not owe tlie information that

wrought-iron cannon of all descriptions formerly existed, to the Chevalier d'Arcy alone,

but also to many writers. Texier de Norbec, amongst others, treated at leno-th of various

guns of this kind. From 1666 to 1694, there was one in the Arsenal of Zurich, in Switzer-

land, of 24 lbs. caliber, the constituent parts of which admitted of being dismounted and

replaced at pleasure.'

" ' In the Arsenal of Paris are found two pieces—one a 16, and one an 8-pounder,

constructed of tubes, one within the other, secured by strong band?, and the whole welded

together; and I am assured that we have in our own establishments two wrought-iron

guns, light, and of perfect workmanship.'

" ' At the Chateau of St. Dizier, a very old piece was found, of a caliber of 20 inches,

and weighing 7616 lbs. The chase was made of wrought-iron, and the chamber and breech

cast of the same metal. At Harty, also, were some pieces, 12 or 16-pounders, of wroufht-

iron, which do not appear to have been fabricated in the usual manner, with bars, and

banded, welded together ; nor is the process known. They weigh about 8000 lbs.'

" Again— ' At Brest is a cannon taken from the English, weighing 77231bs., 11 ft. 1 in.

long, and of 6 in. caliber. The bore is made of seven bars of wrought-iron, secured by

bands of the same metal.'

—

Aide Memoire, vol. ii. p. 784.

" It appears that wrought-iron guns have been made from the earliest times, and were,

until superseded by the introduction of cast-iron and bronze cannon, the principal artillery

in use; that at different periods since the general use of cast guns, efforts to construct

serviceable cannon of wrought-iron have been made by the principal European powers,

and that, whatever may have been the cause, they have not been again employed in active

warfare. The inference is, therefore, although no further information than the foregoin"

is in the possession of this Bureau, that they have not been used, for good and suflBcient

reasons.

" The two wrought-iron guns on board the steamer ' Princeton,' being the only guns

of that description ever used in the Navy, no opportunity has been afforded this Bureau of

ascertaining the relative strength and utility of wrought and of cast-iron cannon.

" All of which is respectfully submitted.

" I have the honour to be, very respectfully, Sir,

" Your obedient servant,

" W. M. Crane.

''Hon. John Y. Mason, Secretary of the Navy,

Washington."
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Extracts from the Report of the Committee on Naval Affairs, to whom were referred certain

communications from the War and Navy Department, on the subject of large Wrought-

Iron Guns ; and, in pursuance of the duty assigned them by the House of Representatives,

submit the following Report:—
" Ordnance Office, Washington, April 5th, 1844.

" SiRj—In reply to the resolution of the House of Representatives, calling for infor-

mation as to what experiments have been made by officers of the War Department, for the

purpose of testing the strength and utility of cannon manufactured from vrrought-iron ;

specifying such particulars as may tend to show the relative strength and utility of

wrought and cast-iron cannon, together with copies of all Reports from ordnance or other

officers on this subject, and such otlier information connected therewith as may be con-

sidered useful ; as also the experience of European powers on this subject; and particularly

the largest size to which wrought-iron cannon for solid shot have been carried with

success ; and likewise the expenses of the experiments, and to whom the money was paid

:

I have the honour to report

—

That the only experiments for the purpose of testing wrought-

iron guns recorded as having been made by this Department, are, the trial of two G-pou7ider

guns at Washington and Watervleit Arsenals, in 1832, and the experiments now in progress,

but not completed, at Fort Monroe Arsenal, with some guns of the same caliber.

" In the experiment at Watervleit Arsenal, the gun was fired twice with a proof charge,

and forty times with service charges.

" The band which held the trunnions slipped off at the eighteenth round, and the firing

had to be stopped to replace it. After firing the forty-two rounds, the gun remained ser-

viceable, but the enlargement of the bore was found to be as much as -04 inch, which is

more than double that of the bronze guns now made. This enlargement of the bore is the

greatest objection to bronze artillery, and would soon render a gun unserviceable; and, so

far as this experiment goes, it tends to prove that wrought-iron has no advantage over

bronze in this respect, and, consequently, no greater durability. The particulars of this

experiment, and of the mode of manufacture pursued in this instance, will be found in the

Report of Major Talcott, and the accompanying statement of the manufacturer, copies of

which are enclosed herewith.

" The trial at Washington Arsenal consisted only in firing proof charges, which left

the bore of the piece in a condition unfit for service, by opening the seams, or welds.

" By direction of the Secretary ofWar, some 6-pounder guns have been manufactured,

in 1843, according to a new method, which is not divulged, at the same price as bronze

guns, and promising to unite the advantages of wrought with those of cast-iron. These

guns are now at Fort Monroe Arsenal, where experiments to test their strength and dura-

bility are now in progress. They are not, however, completed ; and, although of those
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tried, one failed at the 150th fire, by tlic trunnion band becoming loose, and another, at

the 450th fire, by the opening of the welds, the results, so far, are not sufficient to warrant

a definite conclusion as to the merits of this mode of fabrication. So far as it has been

tested by this Department, wrought-iron has not proved a good material for the manufac-

ture of field-guns ; and as the difficulty of fabrication increases with a greater quantity of

metal, it is less suitable for those of a larger caliber. The greatest objection, and appa-

rently an insurmountable one, is the difficulty of welding the parts together perfectly, and

the still greater difficulty or impossibility of ascertaining whether the welds are perfect or

not. Besides, the effect of heating is to render the iron more porous, and of less specific

gravity and tenacity ; and, when often repeated, is known to destroy the good qualities of

the best refined iron. When tlie bars are of small size, as in gun-barrels, the hammering

compresses and re-unites the particles, and corrects these defects ; but in large masses the

effects of the hammer do not reach the interior of the mass, which is, consequently, left

open and spongy, although the metal on the surface, and to a slight depth, is compact and

fibrous.

" The objects attempted to be gained by the use of wrought-iron for cannon are

—

1st, lightness; and 2nd, strength.

" 1st.—Reasoning from the successful use of that material for small arms, it has been

supposed that a skilful and careful fabrication would effect these results. But lightness,

below a certain ratio, is not desirable ; it is positively injurious, for light guns can be used

only with light charges. Field-guns cannot be conveniently served when they have less

than loOlbs. of metal to each pound of shot ; and battering-guns require at least 2001bs.

of metal to each pound of the shot. With any less weight, the service of the gun is very

difficult, from its excessive recoil ; therefore, lightness is not a desirable point in the con-

struction of cannon[?].

" 2nd.— Strength. As this is always desirable, it should be eflf'ected if possible, but not

at the expense of any other important point. If it were possible to fabricate sound and

strong guns of wrought-iron, they would be found deficient in hardness. The projectiles

used are of cast-iron, a material much harder than wrought-iron ; consequently, the

wrought-iron gun is soon indented and worn so much as to prevent all accuracy in firing,

and it then is worth little or nothing[?].

" Leaden balls are used in small arms, but they are inadmissible in cannon, as the great

heat of the exploded gunpowder melts the lead more or less, and changes the form of the

ball, thereby reducing its range. Besides, lead has not sufficient tenacity to enter hard

substances, and therefore is not a suitable material to be used against ships and batteries.

Wrought-iron is also more liable to injury from rust, than bronze or cast-iron ; and the

smallest crack, admitting moisture, would, of itself, in time, seriously injure the gun. The

VOL. XXIII. 3 H
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first-cost of wrought-iron cannon is the same as that of bronzep], and more than six times

that of cast-iron. Bronze guns, it may be farther remarked, after being too much worn

for service, can be easily recast, whereas the old wrought-iron is useless for refabrication,

and of little value in such large masses for any purpose.

"In regard to the experience of European powers on this subject, it may be stated

generally, that the use of wrought-iron, as a material for cannon, has been attempted in

Europe repeatedly, without success, from the invention of fire-arms to this time. The

cannon of small size have succeeded better than large ones ; indeed, there is no known

record of a wrought-iron gun for heavy shot proving satisfactory [?] . The works of European

writers on artillery abound in notices of wrought-iron cannon, of dates of manufacture

extending back from the present century to the remotest periods of their use.

" Frequent instances of accidents from their bursting are mentioned, and they have

never been successfully manufactured on a large scale. Meyer, in his work entitled,

' Experiments in the Fabrication and Durability of Cannon, both Iron and Bronze,'

edition of 1834, says :
—

' It is certain no experiment in artillery has been so often unsuc-

cessfully repeated and abandoned as the fabrication of wrought-iron cannon ; and even at

this time we are but little further advanced in it than at the beginning.' And Gassendi,

in his ' Aide Memoire d'Artillerie,' edition of 1819, condemns the use of wrought-iron for

the manufacture of cannon entirely. Herewith are submitted extracts from different

writers, containing a chronological history of wrought-iron cannon, and remarks on the

use of this material for their fabrication."

These extracts are omitted, as a much more complete chronology of the subject is

contained in Notes A and B.

" In regard to ' the relative strength and utility of wrought-iron and cast-iron cannon,'

the former having been already noticed, it may be stated, in reference to the latter

—

" First,—As to the strength. Cast-iron is of so many different qualities and kinds, and

so variously affected by different modes of fabrication, that it is impossible to speak of the

strength of cast-iron guns generally. It is known, however, that by careful attention to the

selection of the metal, to its treatment in the furnace, to its proper distribution throughout

the body of the gun, in relation to the force exerted on its different parts, by the discharge,

to its gradual cooling after being run into the moulds—in a word, to all the manipulations

connected with its manufacture, and not so severe a proof, as to strain or weaken the

cohesion of the particles, cast-iron gvms, sufficiently light for siege, sea-coast, and garrison

service, may be made, the use of which, with full charges, will be safe for at least one

thousand fires. But although the practicability of making good and safe guns of cast-iron
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is believed to be an established point, it must be admitted that it requires a constant

supervision and vigilance, which can only be obtained by means of a foundry under the

entire control of the Government, or the employment of a skilful practical officer, to attend

at the private foundries during the whole process of fabrication."

The latter appears to be the arrangement in habitual use up to the present time, in

procuring, by contract, the United States ordnance.

" Secondly,—As to utility. In former times, it was supposed that bronze only was

suited for heavy guns, both on sea and land ; and it was only after great advances had been

made in the arts, that the maritime powers of Europe ventured to use cast-iron guns on

board their ships."

We might have supposed that this would have suggested the likelihood of a similar

career for wrought-iron.

" The less cost and greater hardness of cast-iron, therefore, have led to its use for

artillery ; and when it is considered that six or seven cannon of this material can be pro-

cured for the same cost as one of bronze or wrought-iron, it will readily be perceived, that,

if we can fabricate them in such a manner as to render them safe for only one thousand

fires, they should be adopted on the score of economy, and their accuracy of fire up to the

period of their being laid aside. Accordingly all tlie European powers have fabricated

their heavy guns for ships and batteries of this material, using bronze only for field and

siege-trains.

" The British troops in the Peninsular war on several occasions found their siege-trains

of bronze speedily rendered unserviceable, and resorted to cast-iron guns ; the superiority

of which over bronze consisted in their greater accuracy, and being less heated in rapid

firing, and they are stated to have endured 2700 discharges at St. Sebastian, ' These pieces

had preserved such accuracy of fire, that in the last days of the siege, they were fired from

a great distance, over the heads of the besiegers at the breach, with sufficient precision to

reach the besieged behind a high rampart.'

" The expenses of the experiments in wrought-iron cannon made at Watervleit and

Washington Arsenals, consist only in the cost of the ammunition used in firing them,

which was taken from that on hand at those Arsenals. Nothing was paid for the guns.

For the experiments now in progress at Fort Monroe Arsenal, the expenses consist of the

cost of the necessary ammunition, prepared at the Arsenal, and the price of the guns

3h 2
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(2100 dollars), which ha3 been paid to the manufacturer, Mr. Daniel Treadwell, of Mas-

sachusetts.

" The resolution of the House of Representatives is herewith returned.

" I am, Sir, very respectfully, your obedient servant,

" G. Talcott, Lieut.-Col. Ordn.

" Ron. William Wilkins, Secretary of War,

" Washington."

It is not unworthy of remark, that the United States Ordnance, which has really done

more to advance e-vperimentally the art of manufacturing cannon than all the European

services together, possesses no Government establishments for gun-founding, boring, &c.,

whatever ; and one of its most distinguished officers, long employed in the personal super-

intendence of the execution of Government contracts for ordnance, in private foundries,

voluntarily bears testimony to " the improvement in the quality of cannon, which has been

CTreatly assisted by the proprietors of the foundries at which the experiments were made."

" Their practical knowledge of the qualities and treatment of iron, their suggestions, and

zealous co-operation in all experiments made, and the liberality with which they provided

all needful facilities for the purpose, have contributed most materially to the success which

has attended these efforts to improve the strength and safety of cannon."

—

Reports, p. 277.

Can it bo doubted that a like, or even a much higher result, would accrue from a

really candid, liberal, and trustful resolve, to gather and apply to the improvements of our

ordnance, all that vast accumulation of science and practical skill, which exists in the

foundries and the engineering workshops of England, but which has so far been systema-

tically repelled, and often, when volunteered with undeniable success, requited by the

adoption, whole or in part, of the information or invention conferred, without that just

acknowledgment which the enthusiastic improver covets above all things.

NothiniT can be more judicious than the formation of those Government gun and other

foundries, &c., recently set about, as the means (amongst other important ends) of enabling

officers of the artillery and engineering corps to acquire that practical knowledge which

existing methods of their education, with the habits and subsequent employments of

service, render so deficient ; but while ever the gates of our arsenals, or the interior of

departments, are closed to civil visitants, and the experiments and processes conducted

therein pretended to be held secret by " the custom of the service," and with an unworthy

jealousy,—so long will " the improvements" of these departments be found far in the rear

of those of private intelligence, enterprise, and science.

Secrecy in such matters can answer no end now-a-days but as a cloak to ignorance or
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inactivity. It is useless ; for universal experience lias shown that no secret of the smallest

value can be maintained within the walls of an arsenal for even six months after its

value is ascertained. Can a secret military invention of any note or value be pointed to

at this moment, as in the possession of any one power upon earth exclusively? Not one.

Ventilation and competition are the very life and spirit of all improvement ; and, in

place of such an antiquated system of pretended secrecy, nothing would so energize and

make vital the progress of our military departments, and more especially of the ordnance,

as the publication in some form of an official journal of its works, researches, and progress
;

and an annual distinct, detailed, systematic, and scientific Report to Parliament of all that

has been brought forward (good or bad), whether by communication or importation, of

invention, experiment, research, or discovery, within the department at home ; and pro-

gress ascertained, of whatever sort, in the war departments of other countries abroad.

Whatever of new light such publicity diiTused, would be returned with tenfold intensity

to its source, and need not preclude reserve and silence upon any point (should such

possibly be ever found) upon which the national welfare would render secrecy for a time

expedient.

France, which possesses at once the largest and most important military literature in

Europe, and reckons amongst her military ofiicers and engineers some of the brightest

names that adorn the roll of science, is a proof of the value of such publicity—of the

admission of the principle that science has no secrets, and that its valuable applications can

have none. There the results ofevery improvement or invention—every massive research or

train of experiment, whether at Metz or Toulon—appear speedily in print, and give a fresh

vantage-ground in common to every working mind, whereon to attempt still further

progress. How full of stimulus to the slothful—of hope and promise to the zealous and

aspiring!—how sifting of the chaff from the grain, is such a system of publicity !

Note AA (Sect. 305.) See Note Q.

Note BB.—(Sect. 305.) See Note T.

Note CC—(Sect. 316.) See Note W.

Note DD.—(Sect. 318.) See Note S.
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Note EE.—(Sect. 320.)

The following list (which might be greatly extended) of German literature, bearing upon

our subject, may not be unacceptable:

—

1.

—

Saltpetre, Gunpowder, §-c.

Alison, G. Ghr.—Der Engl. Biichsenmacher (u.Gewehrfabrikant). Od.griindl. Anweis.

alle Arten von Gewehren, Biichsen, u. Pistolen, nebst Percussions-Sicherheitsschlossern

u, iibr. Zubehor, nach den neuesten Erfind. u. Verbesser. zu verFertigen. Nebst Belehr-

ungen iib. die verschied. Arten, des Sohiess-u. Knallpulvers. Nachrichten iib. die bedeu-

tendsten Gewehrfabriken Europa's, u. dgl. m. Nach. d. Engl., bearb. u. mit mehr Franz u.

Deutsch Erfind. u. Verbesser. vermehrt. Mit 103 Abbild. 8. Quedlinburg, 832. Basse.

Bottee u. Rissault.—Anweis. das Schiesspulver zu bereiten. Aus dem Franz, iibers.

von F. Wolf. Mit 19 Kpl. gr. 8. Berlin, 813. (Reimer.)

Meineke iib. das Schiesspulver. gr. 8. Halle, 814. Hendel.

Muncke, Geo. Wilh.—Ueber das Schiesspulver, seine 3 Bestandtheile, die Starke u. die

Art seiner Wirk. gr. 8. Marburg, 817. (Cassel), Krieger.

Meyer in Erdmann's Journal, xiv. 2, fiir technische u. okonomische Chemie. Mit

Kpftf. gr. 8. (Leipzig), Barth.

Prechtl, Joh. Jos.—Technologische Encyklopadie. 12'.

Renaud, B.—Prakt Anweis. zur Fabrikation des Schiesspulvers u. zur Bereit. seiner

Bestandtheile. Ins Deutsche iJbertragen von J. F. Hartmann. gr. 8. Quedlinburg,

838. Basse.

Schauplatz, dess. 113 Bd.—A. u. d. T. Handb. der Pulverfabrikation. Nach den

besten in-und ausland. Hiilfmitteln unter Beistand eines Artillerie-OfBciers aus-gearb. v.

ein. deutschen Teckniker. Mit 7 lith. (Halb.) Folio-Taf 8. Ebend, 841.

Salzer, Carl. Fr.—Versuche iib. das Schiesspulver, mit Beweis, wie'die Krafte des Pulvers

erhoht, u. t% hievon erspart werden konnen. Mit 2 Abbild. gr. 8. Karlsruhe, 824.

Miiller.

2.

—

Cast-steel Manufacture.

Haussner, Geo.—Die Kunst Gussstahl, ii. Gusseisen, auf Schmiedeisen zu schweissen.

FiJr Eisenwerke, Mechaniker, u. Eisenarbeiter. Aus der Schlosserzeitung abgedr. Leipzig,

843. Schmaltz.

Stahl.hlitte, Schisshyttan in Sohweden (Sefstromm in Erdmann's Journal, iv. 1).
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3.

—

Iron Manufacture.

Erzeugung in Deutschland.

Hasse, Traug.— Die Eisenerzeugung Deutschlands aus dcm Gesichtspunke der Staats-

wirthschaft betrachtet. Nebst Angabe der Ursachen ihrer Verminder. u. einigen Vorschla-

gen zur Vermelir. derselben. Ein Versuch. gr. 8. Leipzig, 83(3. Rein.

. 4.

—

Cast-iron; its Strength, Sfc.

Gusswaareu der Kurfiirstl-Hessischen EisenhUtte zu Veckerhagen. (9i lith. B. mil

viel Abbildgn. u. Titelvign.). gr. 8. Cassel, 834. Bohne.

Meyer, in Erdmann's Journal, vii. 2.
'

5.

—

Swedish Smelting Works.

Winckler, in Erdmann's Journal, v. 4.

Winckler, in Erdmann's Journal, iii. 1.

6.

—

Manufacture of Steel.

Acliates.—Aus allem Eisen Stahl zu machen. 8. Niirnburg, 761. Riegel.

Altmiitter, in Jahrbiicher d. Polytechn. Instituts von Preobtl. 12 Bd.

Cancrin.—Von der Zubereit. des Roheisens in Schmiedeeisen, auch des Stahleisens in

Stahl. 8. Marburg, 7110. (Cassel, Krieger.)

Damemme.—Prakt. Handb. der. Fabrikation u. Bearbeit. des Stahls. Nacli d. Franz.

Deutsch bearb. von J. F. Hartmann. Mit 10 Taf. Abbildgn. (in 4). 8. Quedlinburg, 839.

Basse.

Ehrenberg, B. A.—Hiilfsbiichl fur Stahlarbeiter. 8. Essen, 826. Badeker.

Hagen, T. Ph. v. der.—Beschreib der Kalkbri'iche bei Riidersdorf, der Stadt Neustadt-

Eberswalde, u. der Finnow-Canals, wie auch der dasigen Stahl u. Eisen-Fabrik, des

Messingwerkes, u. Kupfershammers. Mit vielen Kpf. 4. Berlin, 785. Reimer.

Halle, Joh. Sam.—Prakt Anweis. alle Stahlarten zu kennen, zu hiirten, anzulassen u.

vernunftig zu bearbeiten. nach Perrcts Preisschr. 8. Berlin, 783. Maurer.

Hartmann, Carl. Fried.—Lehrb. der Eisenhiittenkunde, 2te Abth. Die Lehre von dem

Umsohmelzen des Roheisens, u. von Verwend. desselben zur Giesserei, desgl. die von der

Stabeisen u. der Stahl-bereit enthaltend. Mit 10 Kpfl. (in qu. gr. Fol.). gr. 8. Ebend,

834.

Leuchs, J. C. — Samml. neuer Abhandgn. iib. Eisen- Stahlbereitung. Mit Abbild

verschied. Hochofen, Schneid-Walz—u. Streckwerke. Mit 1 Steintf. u. 8 Holzschn. gr. 8.

Ebend, 827.
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Loof, Jams.— Geheimes Kunst-Cabinet fur Metall-avbieter u. Fabrikanten oder die

wichtitTsten neiiesten Engl., Franz, u. Deutsch Entdeckgn. u. Erfindgn. in der Kunst, in

Gold, Silber, Stahl, Messing, Kupfer, Zinn, Eisen, Blecli, &c., auf das geschmackvollste u.

vortbeilliafteste zu arbeiten, u. die verscheidenen Metalle auf das Beste zu den mannig-

fiiltigen Gegenstiinden zu behandeln. Aus d. Engl. A. u. d. Tit. Die Kunst, Eisen

u. Stahl nach engl. Methode zu hiirten, engl. Guss-stahl u. Feilen zu verfertigen. Fiir

Metall-arbeiter u. Fabrikanten. Aus d. Engl. 8. Quedlinburg, 828. Basse.

Neue, wichtige, u. sebr niitzliche Mittheilungen fiir Eisengewerke, Eisen-u. Stahl-

arbeiter, Instrumentmacher, &c. (Von Job. Giitle). 4. Ebend, 830. (Ebend), Verklebt.

Overmann, Fr.—lib. das Frischen des Robeisens, nebst Anweis. Stabeisen u. Stahl von

bester Qualitiit aus den verschiedenartigsten Erzen zu erzeugen, u. auf die wohlfeilste Art

zu gewinnen. Nach vielfaltigen prakt. Erfahrgn. dargestellt. Mit 10 (lith.) Kpft. gr. 8.

Briinn, 838. (Winiker.)

Perret. Abhandl. von Stahl, dessen BeschafFenheit, Verarbeit. u. Gebrauch. Aus. d.

Franz, v. J. H. Pfingsten. Mit 1 Kpf. 8. Dresden, 780. Walther.

Prechtl, in d. Journal Ir.

Rackebrandt, Aug.—Griindl. Anweis. das Platin zu reinigen u. zu verarbeiten sowie

Mannheimer Gold (Semilor), u. engl. Cement-stahl zu fabriciren. Fiir Gold u. Silber-

arbeiter, Juweliere, Mechaniker, Gelbgiesser, Stahlarbeiter, u. and. Kiinstler. Mit 4 (Jith.)

Taf. Abbild. (in 4). 8. Quedlinburg, 838. Basse.

Rinmann, S. — Unterricht von Foliren des Stahls u. Eisens. 8. Flensburg, 787.

Korte.

Schauplatz, 50 Bd.—Der Schlossermeister, od. theoret. prakt. Handb. der Schlosser-

kunst. Nach d. Franz. Werke des Grafen v. Grandpre fiir Deutsche Schlosser bearbeitete,

sorgfaltig revid. ; 4 Aufl. ; worin alle Beitrage, Verbessergn., u. Zusiitze von J. G. Petri,

G. H. Schmidt, Fr. A. Reimann, J. G. Buch u. F. Rathel, vollstiind. beriicksichtigt u. eine

grosse Anzahl neuer Gegenstiinde u. Abbildgn. hinzugekommen ist. Mit 22 Steindrtf. (in

qui Fob). 8. Ebend, (830), 843.

Verbesserungen u. Erfindgn., 100 neue, in der Bereit. des Eisens u. Stahls u. der Eisen-

waaren. Auch als Nachtrag zu J. 0. Leuch's Samml. neuer Abbandlgn. u. Erfindg. in

der Eisen-u. Stahlbereit. Mit 5 Holzschn. gr. 8. Niirnberg, 835 : Leuchs u. Comp.

Zeitblatt fiir Gewerbtreibende u. Freunde der Gewerbe. Unter Mitwirkung mehrerer

Techniker u. Fabrikanten herausgeg. v. Heinr. Weber. 3' Bd.

Verhandl. des Vereins z. BefiJrderung des Gewerbsfleisses in Preussen. iv.

Ebend, v. (2) and xii.

7.

—

Cannon-founding.

Meineke, Job. Ludw. Geo. — Anleit. zum Guss des bronzirten Geschiitzes. gr. 8.

Lemgo, 817. Meyer.
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Meyer, Mor.—Erfahrgn. lib. Fabrikation u. Haltbarkeit des eisernen u. bronzenen

Geschiitzes. 2'^. verm, und theilvveise umgearb. Aufl. Mit 3 Kpf.-Taf. gr. 8. Leipzig,

(831), 836. Barth.

Ders. in Erdmann's Journal u. Schweiger's Journal fi'ir Chemie u. Physik, 1-5.

Miiller, Fr. Heinr.—Vers m. Bronce u. gelbem Metall in Anseh. des Gebrauchs dess-

elben, um Kanonen u. Morser daraus zu giessen. Nebst einor Zeichn. eines dazu gehorigen

Schmelzofens, &c. A. d. Diin, v. J. A. Markussen. gr. 8. Copenhagen, 802. Schubothe.

8.

—

Fire-arms.

Struensee, Karl August.—Anfangsgriinde v. Artillerie, 1. 8. Seignitz. u. Leipzig,

1788. A very complete work.

Berger, Frz. Xav.—Kurzer Unterricht iib. die Einricht., Conservation, zweckmass.

Behandl., u. wirksamste Anwend. des Feuersgewehrs. 8. Wien, 809. Gerold.

Beroaldo, Blanchini de.—Abhandl. iib. die Feuer—u. Scitengewehre ; worin die Erzeuc,

der Zweck, u. der Gebr. aller einzelnen Bestandtheile, dann aller Gattungen kleiner u.

Jagdgewehre ; mit der Angabe u. Beschreib. ganz neuer Maschinen u. Vorrichtgn., sammt

Pliinen u. Erzeugeugstabellen anseinandergcsetzt ist. 3 Bde. Mit 38 Steint. gr. 4.

Wien, 829. Gerold.

Flinte, die, od.—Beschreib. aller Theile des Schiessgewehres, sammt einer Anweis. sol-

ches zu putzen u. mit Vorsicht zu behandeln. 8. Fiirth, 817. Korn.

Schauplatz, 83 Bd.—Die Geheimnisse der Engl. Gewehrfabrikation u. Biichsenmacher-

kunst, so wie der Erzeug. der verschied. Eisensorten zu den feinsten Jagdgewehren, anf-

gedeckt u. erlai'it. v. Will. Greener. Aus. d. Engl, iibersetz. v. Chr. Hein Schmidt. 2te

sorgfalt. revidirte, u. mit einem Anh. des Uebersetzers iib. Anfertig. der Militiir-u. Jagd-

gewehre vermehrte Aufl. Mit 6 Steintf. 8. Ebend, (836), 842.

Gliinder, G. W.—Einricht. u. Gebrauch des kleinen Gewehres im ganzen Umfange.

gr. 8. Hannover, 829. Hahn.

Infanterie Zundhiitchengewehr, das, u. der Nutzen, nebst einer prakt. Theorie des

Sohiessens zum Unterricht. der Mannschaft, bearbeit. von ein. k. bayer OfEzier. 16. Passau,

842. Pustet.

Prechtl's Encyclopiidie, 6 vol.

Roux, Job. Wilh.—Der Gewehrkenner, od theoret-prakt. Anweis. die Jagdgewehre,

vorzijglich die BL'ichsen zu vervollkommen, ihre Fehler zu entdecken u. mit leichter Miihe

zu verbessern. 8. Leipzig, 822, Steinacker.

Schild, Giinth.—Deutl. Anweis. iib. den richtigen u. zweckmassigen Gebrauch der

Jagdilinte. 8. Nordhausen, 824. (Leipzig, Dorffling.)

SpiJnemann, A.—liiilfbuch f. jeden Gewehrbesitzer. Fur jeden Freund des Schiessens

und der Jagd. Mit Abbildgn. (auf 1 Bl.). 2te Aufl. 8. Quedlinburg (839), 840,

Basse.
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Tlion, Chr.'F.— Scliiesskunst, od. voUstand. Anweis. zura Schiessen, mit der Biiohse

Flinte u. mit Pistolen, sowolil auf dem Schiitzenhofe, als auf der Jagd u. im Felddienste.

Ein nothwend. Handb. fiir Jiiger, Schiitzen, u. OfSziere, &o. 2te Aufl. 8. Ilmenau,

(822), 824. (Weimar), Voigt.

Unterricht lib. den Bau u. Gcbrauch des Gewehrs. u. der Blichse. Von C. von M. 8.

Breslau, 813. (W. G. Korn.)

Versucb iib. du Gewehrfabiiken, die Scliiesskunst, u. das Jagdwesen. Aus. d. Engl.,

nach der 2ten Ausg. Mit Anmerkgn. v. Gbh. Er, Lp. Timaiis. gr. 8. Leipzig, 790.

(Reineke.)

Wolf, Ferd Die Verfertig der HandfeiierwafFen, nebst einer geschichtl. Darstell.

ihrer Einriclit. von der Entsteli. bis auf die neuste Zeit. Mit 18 Kpftf (in qu. gr. Fol.).

gr. 8. Karlsruhe, 832. Groos.

Wolf, F.—Vollstiind. Berichterstatt. iib. die im J. 1832 u. 1833 gefuhrten ausgedehnten

Versuche. Mit Militar-Percussions-Gewehren. (Mit 2 Steintf) 8. Carlsrulie, 833.

(N51deke.)

9.

—

Rifled Guns.

Grasshoff,F.B.G.—Kurzer, aufprakt. Erfahr. gegrilnd. Unterricht fiirBiichsenschiitzen

iib. die crforderliche BesohafFenheit einer guten Piirsch-Biichse od. sogenannten Stutzen.

N. Ausg. 8. Breslau, (803), 813. W. G. Korn.

Hauchekorne, Fr. Wilh.—Lehrbuch der Technologie, od. Beschreib. der Kiinste u.

Gewerbe. Mit 5 Kpf. gr. 8. Leipzig, 816. Brockhaus.

Meister, F. L.—Theorie der Zerleg. des Stutzers, des Distanzenschatzens u. Sohiessens.

Den schweiz. Scharfschiitzen gewidmet. 16. Bern, 838. Walthard.

Schauplatz, 131 Bd.—Beitriige zur Kenntniss der Biichscnraacherkunst u. zur richtigen

Beurtheil. der Schiessgewehre. Von J. Schmidt. Mit 10 Taf. Abbild. 8. Ebend, 843.

Schmidt, P. W.—Die Jiiger-u. Schiitzenbiichse od. die spiralformig gezogene Biichse

im Allgemoinen, dercn Einricht., Behaudl. u. Gebrauch nach dem neuesten Standpunkte

der Entfindgn. u. Wissenchaften. Mit 2 Kpfl. gr. 8. Halle, 827. (Miihlraann.)

10.

—

Percussion and Needle Muskets.

Kohneraann, R. H. B.—Regeln iib. der Behandl. des Percussions-Gewehrs. Mit 2

Abbildgn. des Gewehrs. in Steindruck. gr. 12. Oldenburg, 841. Schulze.

Perkussions-Infanterie-Gewehr, das Preusische, eine, die Zusaramensetz. Behandl.

Trefflichkeit, den Gebrauch u. den Mechanismus umfassende Handschrift. Dem Soldaten

zur Selbstbelehr., dem Voi'gesetzten zum Leitfaden bei'm Unterricht seiner Untergcbenen

von einem crfahrenen Kamaradcn. 8. Minden, 842. Essmann.

Freiburg in Verhandl. zu Beforderung des Gewerbfleisses in Preussen. x.
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The preceding list is not to be understood as aiming at completeness : it merely embraces

such works as have come under my notice: I omit all French works, as complete cata-

logues exist of their magnificent military literature. A very considerable body of ordnance

and pyrotechnic literature exists in Italian and Spanish, of which almost nothing is known

in England. Tiic works in the former language are chiefly ancient, and historically impor-

tant; but the scientific treatment of artillery and gunnery, by recent authors, in Spain,

appears to be in a much more advanced state, than the isolation of their meagre literature

lias enabled us to appreciate.

It is an unhappy indication of our own neglect and ignorance, that a few months ago

(perhaps even yet) many of the most important standard works, historical and otherwise,

in Continental languages, were unknown to us, and not to be found in any of our great

libraries. General Marion's great work on the History of Artillery was not in the British

Museum, nor in any other public library in England or Ireland to which I had access: the

few books on the subject in the Library of Trinity College, Dublin, quite accord with the

venerable title they are classed under, "DeMachinis Bellicis ;" and almost no modern foreign

books on artillery exist in the Library of the United Service Institution, London, nor in

any of the Royal Engineer libraries that I am acquainted with.

How desirable it would seem to form at Woolwich a complete historical and scientific

military library, at the public charge, and collect there all that has been written, in every

language, on the subject of Arms, in the widest sense (not, perhaps, excluding the military

art as a whole, strategics, &c.), and not only give professional access to it, but permit every

man, known to be really interested and engaged, in the advancement of any branch of the

subject, the freest possible admission. The nucleus of such a collection exists already in

the Library of the Royal Military Academy; and, while the position itself is good, perhaps

no officer in the Service could be found so admirably suited, by learning, taste, general ability,

and desire of progress, to direct its formation and control its use, as my friend. Colonel Port-

lock, R. E., the Commandant. I hope he will pardon my thus venturing, without his sanc-

tion or knowledge, to connect his name with the idea.





ANALYSIS OF PEECEDING PAPER,

CHAPTER I.—Introduction.
SECTIONS. PAGE.

1, 2 Introductory, 141
3 Formula for resistance of cylinders to internal pressure, 142
4 Formula for work done by the charge, 1 43
5 Increment of strain in relation to caliber, 143
6 Accidents by shell guns ; objects of the work, 144

CHAPTER II Directions of Fracture in Borst Guns.

7 Usual directions of fracture, 145

8 Three principal circumstances attendant upon 14ti

CHAPTER III.

—

Causes ; Molecular Constitution op Crystalline Bodes.

9 General law of molecular aggregation of crystalline solids in consolidating, . . . 147
10 Examples; line of direction of the principal axes of the crystals in mass in cooling, 147

11, 12 Examples—converse by law of aggregation when the solid is heated, .... 148
13, 14, 15 Examples under other conditions, 148

CHAPTER IV".

—

Molecular Constitution of Cast-Iron.

16 In cast-iron the principal axes tend to place themselves perpendicular to the bound-
ing surfaces, 149

17 Causes upon which the development of the crystals depend 149
18 Examples of crystalline arrangement on the large scale; Reference to Plate II., . 150

19 Effects on internal structure of sudden changes of external form, 151

20,21 Existence of "Planes of Weakness;" Examples, 151

22 Injudicious forms and ornaments of guns, 152

CHAPTER v.

—

Physical Conditions induced in Moulding and Casting.

23 Conditions affecting homogeneity, contraction, slow or rapid cooling, fluid pressure, 152
24 Relation of size of crystal to the mass, 153
25 Erroneous conclusions as to effects of repeated meltings on cast-iron, 153
26 Difference of size of crystal produced under conditions of casting and metal in all

respects alike, 154

27 The size of crystal developed depends upon the time, the regularity upon the

uniformity of cooling, 154
28 And, for given make and mass, upon the elevated temperature of the metal, and

the time of its cooling, 154

29 Analogies and confirmations from Mr. Bolley's Researches 155
30 Practical deductions, 156
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SECTIONS. PAGE.

31 The breaking of the surface a fallacious test of proper temperature, 156

32,33 E6Fects of contraction on cooling of mass on construction, 157

34 And of sudden change of mass, 157

35 Coefficient of lineal contraction, and for volume, 158

36 Internal strains due to contraction, 158

37-40 Kesidual strains often cause fracture long after cooling; changes of form; extreme

slowness with which molecular equilibrium is attained, 158, 159

41 Practical conclusion as to new and old guns, 159

42 M. Savart's researches ; axes of greatest and least elasticity, 159

43 Abnormal strains introduced by the consolidation of one portion of a casting before

another; example; eifects, 159

44, 45 Effects upon castings for large mortars and heavy guns, 160, 161

46, 47 Eeference to Plate III. ; nature of the production of internal cavities ; various

examples ; law of their production, direction, magnitude, 162

CHAPTER VI Effects of Bulk and Fluid Peessuhe.

48 Molecular condition of small parts cast on to great castings 162

49 Apparent anomaly ; explanation, 163

50 Practical conclusions as to the best rate of cooling castings; prevalent error as to

this, 163

51 Time required for great castings to cool, 164

52,53 Cooling must be uniform; methods of hastening it; evils of unequal cooling, . . 164

54 Effects of vertical castings; value of increased "head of metal," 164

55 The author's experiments; Table I.; increase of density in castings of large size,

due to their solidification under a head of metal, varying from one to fourteen

feet in depth, 165

56 Table II. ; decrease of specific gravity, due to increase of bulk only, 165

57 Practical deductions, 166

CHAPTER VII.—QnALiTY of Metal,

58 Fallacious opinions as to the relative values of foreign and British makes of iron

for ordnance, 166

59 Quality of cast-iron fitted for ordnance; in Great Britain how injudiciously

attempted to be obtained, 167

60 Karsten's statements as to required quality of metal, and how obtained in Swe-

den, 167

61 Kulmann's authority in corroboration, 168

62 Use of charcoal or pit-coal; sulphur, its elimination, 168

63 Cold or hot blast, 168

64 Commercial conditions which cause pig-iron fit for gun-founding not to exist in

British markets; capable of immediate production, if demand arise, at the

necessary price, 169

65 Mistake as to the general superiority of foreign over British makes of iron; Hun-
garian cold-blast charcoal irons; Table, 169

66 Foreign and British wrought-irons compared, 169

67 Abortive attempts to improve quality of cast-iron by alloy vfith other metals, . . 170

68 Stirling's patent toughened cast-iron, 170
69 Comparative advantages of melting by cupola or by air furnace; high temperature

of the former injures the quality of cast-iron by inducing its alloy with the

alkaline and earthy metals, and by developing the uncombined graphite in the

largest crystals ; true cause of the inferiority of hot-blast iron, 171
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SECTIONS.
^ _

PAGE.

70 The author's general classification of the principal makes of British cast-iron as

applicable to artillery; Table III. 171,172

CHAPTEE VIII Causes of Liability to Borsting in Firing Red-hot Shot.

7

1

Causes heretofore assigned ; wedging by expansion in the gun, &c., 1 73

72 Expansion at red-heat of cast-iron shot, 173

73, 74 Effect on expansion of casting in iron moulds or in sand; permanent enlargement

by heating, 173

75,76 Disproof of the common theory ; Tables of expansion and windage, 174

CHAPTER IX Nature and Effects of Local Expansion by Heat on Guns.

77 True cause stated; strain upon the exterior produced by expansion of the interior

of the chase, 1 75
78-82 Conditions of heating internally and cooling externally, explained, . . . 175,177
83-85 Actual Telocity of transmission of the heat through the metal of the gun ; want of

data; Biot's formula and experiments, 177, 178

86, 87 M. Weidmann's researches; sufficient proofs ofgreat disproportion between tempe-

rature of the interior and exterior of the gun, 1 79

CHAPTER X Mechanical Equivalent of Expansion by Heat.

88 General formula for mechanical equivalent of heat, in dilatation or contraction;

assumes the body absolutely hard, and its elasticity perfect, and not true in

nature, 180

89 Equations for such strains applied to guns; limit, when equal to the repairing

strain, 181

CHAPTER XI Numerical Example.

90 64-pounder firing red-hot shot, 181

91 Relations of the tangential and longitudinal strains
;
general equations, .... 182

CHAPTER XII.

—

Effect op a Heated Gun on the Chaiige.

92 Ignition and explosion of the powder more rapid in the heated gun, 183

CHAPTER XIII.

—

Phenomena induced in quick Firing; Limit of Heating.

93 Effects of strain on the gun analogous to those of firing hot shot, 183
94 Theoretic limit of the quantity of heat communicable from one discharge; general

expressions for cast-iron and gun-metal, in terms of the weight of the gun and
of the charge ; example, 183

CHAPTER XIV Explanation of Drooping at the Muzzle.

95 Drooping at the muzzle a case only of relatively greater expansion of the top side
of the gun; the common notion of its cause impossible, 184

96 Illustration and reference to Plate IV., 185
97 Flexure when the gun is supported at both ends horizontally, and only by the

trunnions 185
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SECTIONS. PAGE.

98 Coefficients of expansion of cast-iron and gun-metal, . . .^ . 185

99 Calculation of the extent of flexure producible in a gun of given length, caliber,

and material, 186

CHAPTER XV Numerical Example.

100 A 32-pounder may bend nearly half an inch 187

CHAPTER XVI. Relation as to Distortion of Gun-Metal and of Iron Guns.

101 Why drooping at the muzzle is only noticed in bronze guns; six conditions of

greater distortion in these than in cast-iron, 187

102 Baudrimont's researches as to the relation between cohesion and temperature in

copper and iron, applicable to bronze; an uniformly heated cast-iron gun is

stronger than a cold one, • 188

103, 104 Investigation of the relative losses of heat by cooling of bronze and of cast-iron

guns, 189

105 Exclusive of the heat carried off by evection, a cast-iron gun cools nearly three

times as fast as one of bronze, 190

106, 107 M. Ardent's results as to the ultimate resistance of bronze; distortion of the

French howitzer in St. James's Park, referred to in example, 190

CHAPTER XVII.

—

Effects of Rigidity and repeated Discharge in Iron Guns;

Limit to the Number of Rounds.

108 Nature of the molecular distortions induced by repeated discharge; chiefly affect

cast-iron guns, 191

109 Limiting number of fle.xures producing fracture; Hodgkinson's experiments, . . 191

110 Limit to the number of rounds in a gun, when the value of i is given, .... 192

111 Limit in relation to wrought-iron, 192

112 Examples of number of rounds sustained by particular guns; the four general

conditions upon which the number of rounds that any gun can sustain is

dependent, • • '9^

113 Uncertainty of statements made on this point arises from neglect of these conditions,

and especially of the value of r,; misdirection of official researches in looking

for gun-metal with great ultimate cohesion, and the neglect of a high coeffi-

cient of extension, ' 93

CHAPTER XVIII General Relations of Elasticity to the Construction of Guns.

1 1 i General relations of cubic and linear elasticity ; change of volume; change of form, 194

115 Poisson's relation between linear and cubic extension or compression, .... 195

1 16 Relation between expansion or contraction by change of temperature, and the pre-

ceding, due to mechanical force, .190
117 Expression for extension or compression of the bar L, for unit of length; elastic

resistance balances the force P; modulus of cohesion, of elasticity, of elastic

limit, 196

118 Proportion of the crippling force to the whole resistance; relation of both to rate

and time of application ; Vicat's and Franklin Institute's experiments anterior

to Fairbairn's '97

119 Poncelet's coefficients, r, and r„ ^
198

120 The work done in producing a given extension or compression, 198

121 The work done if the force be suddenly applied, 198
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SECTIONS. I'AGI-..

122, 123 Three cases of oscillatory movement of elastic bars exposed to extension or com-
pression :

—

1°. Where the strain possesses no initial velocity, 199
124 2°. Where the straining load possesses an initial velocity, .... 200-203
125 3°. Where a permanent strain being on the bar, it is subjected to that of

an impulse in addition, 203-205
126 Conditions of the first oscillation determined, 205
127 Fundamental equation of motion for velocity V, 206
128 General conclusions derived for the period and time of oscillation of elastic bars

exposed to longitudinal extension or compression, assuming the elasticity per-

fect, 207
129 This condition, however, strictly does not exist in nature ; defect of elasticity limits

the number of oscillations before rupture; these very great when 7", is high
and surplus strength great, 207

130 Application of the equations to cannon, 208
131 As cannon are exposed to impulsive strains, the proper value to be taken for R in

calculating strength; neglect of this, 208
132, 133 Precise conditions of impulsive strains of inflamed gunpowder required to be

known; rate of its inflammation partially determined by the author; the curve
of pressure within the gun, how to be determined, 209

1 34 The rapid increase of pressure renders necessary the determination of the expres-

sions for modulus of force trunnion; the moduli for gun-metal, cast-iron,

wrought-iron, and steel, 209
135 Crystalline relations to this, 210

136, 137 Eelations of ductility and ultimate cohesion; Ardant and Bornet's, and other

experiments. Tables IV., v., VI., . . . . , 211-213
138 Diagram expressing geometrically the values of T,&nd T, for the four chief metals

of ordnance, 213
139 Comparison of these values for wrought-iron and steel, much in favour of the

former, 213
140,141 Comparative values of guns of each of these materials as respects elasticity only, . 214
142, 143 Resisting powers of German steel compared with the other metals, Table VII., . 215

144 Cauchy's modulus of torsion ; relation to modulus of elasticity, 216
145, 146 Diagram giving geometrical expression to the work done in extension up to rupture

of cast and wrought-iron, 210
147 Comparative extension per ton of steam-wrought and cast-iron; Hodgkinson's

experiments. Table VIII., 217
148 True reasons why the Low Moor and other irons are peculiarly valuable for gun-

founding, though not having great ultimate cohesion, 2i7
149 What is to be sought in improving cast-iron for gun-founding; it is not to be

obtained by using foreign iron only; ultimate cohesion of foreign metals,

according to continental experimenters, Table IX., 217,218
150 General Table of resistant vis viva of elasticity, and of rupture by tension, of the

metals applicable to the construction of ordnance; for the several metals;

continental data; Table X., 218, 219
151, 152 Remarks upon these results; deductions; errors as to assumed comparative ulti-

mate resistances of cast and wrought-iron, 219,220

CHAPTER XIX.

—

Gun-Metal or Bronze as a Material for Cannon.

153 Ignorance of the physical and chemical properties of gun-metal; wherefore; the
knowledge of it little advanced from the earliest times, 220

154 Four circumstances of chief difficulty and importance in the production of bronze
guns, 221
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SECTIONS. PAGE.

155 Authors who have treated on the subject 221

156 General formula for modern gun-metal ; composition of old, 221

157 Table IX.—Physical properties of the atomic alloys of copper and zinc, and of cop-

per and tin, 221, 222

158 Physical conditions in bronze demanded for gun-metal, 223

159 Relation of composition to specific gravity, 223

160 Extreme find mean alloys adopted in the chief gun-foundries, 223

161, 1G2 Segregation of the alloy; heterogeneous constitution of a bronze gun cast verti-

cally 223, 224

163 Constitution of the segregated alloy, 224

164 Peculiar phenomena attending the segregation; erroneous explanation, .... 225

165 Probably true theory of the phenomena proposed, 225-227

166 Change in the constitution of the alloy produced in melting, 227

167 General formula' for the normal and segregated alloys, 228

168 Atomic discussion of the four principal alloys in use; the best known alloy is

strictly atomic, 228

169, 1 70 Discussion into rational formula; of the normal and segregated alloys, as indicating

the physical constitution of gun-metal, 229-231

171 Berthier's analysis; formula of bad gun-metal, 231

172 Analogies with Muntz metal ; injurious effects of ternary alloys, 232

173 The tin and copper probably never separate but as alloys, 232

174 Effect of difference of specific gravity in segregation in vertical columns, . . . 233

175 Difference in the part played by the " dead heat" in cast-iron and in bronze gun-

casting; value of increased heat in the latter, 233

176 The best temperature for pouring the fluid metal, 233

177 The more rapidly the casting can be cooled, the better; Darcet and Dussausoy's

experiments; effects of sudden cooling on the gun-metal, 234

178 Method of chill-casting bronze guns, proposed, 234-236

179, 180 Ternary alloys injurious, but valuable results obtainable from alloying gun-metal

with sodium in minute quantity, sustained by Berthier's analysis, and probably

by Spanish artillery, 236-238

181 Difficulties and uncertainty of bronze gun-casting; wrought-iron would be an ad-

vantageous substitute, 238

182 Baron Hackewitz's electrotype bronze guns, 238

183, 184 Bronze and wrought-iron cannot be united in the same piece of artillery, . . . 239

CHAPTER XX Molecular Constitution of Bronze or Gdn Metal in

Cannon.

185 Character and colour of its fracture in normal metal; it is crystalline, .... 240

186 Proof that the principal axes of the crystals in mass are arranged in accordance

with the general law, 240

187 Abnormal arrangements in bad gun-metal, 241

188 Effects of bursting fractures on internal crystalline arrangement 241

CHAPTER XXL—Steel as a Material for Cannon, in Relation to its Work-
ing Properties.

189 Cast-steel that alone fitted for ordnance; Styrian steel, 242

190 Krupp's cast-steel, 242

191 Difficulties of working steel ; high cost of workmanship; other objections, . . . 243

192 Objections as to its form of fracture, and small limiting thickness in guns, . . . 243
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CHAPTER XXII Molecular Constitution of WnoCGnT-lRON, and the Law of
Direction of its Crystals or Fibre.

SECTIONS. PAGE.

193 Its molecular structure presents itself on fracture in one of three forms, or com-
bination of these, 244

J 94 Law of arrangement of its crystals; though apparently opposite, it is essentially the
same as in cast-iron, 244

195 Normal structure; parallel crystals; fibrous rivet iron, 245
196 Iron wire; ductility and intermobility of particles at all temperatures, .... 245
197 Examples ofanalogous formsof cry stallization,iS:c., subject to the same law; minerals, 245
198 Effects of change of dimension in the bar in altering the arrangement of its crystals, 246

199, 200 Effect of unequal expansion and contraction of the crystals in different a.xes; of
change of diameter in the bar; of its mass, form, and surface; and the pressure
of rolling 247

201 Relations of the development of crystal to the "make" of iron, 247
202 Wood fibre, how to be understood as applying to iron or other inorganic bodies;

as only designating; form of crystallization, 248

CHAPTER XXIII.

—

Effects ON Whought-Ieon of Forging into Great M.4saEs.

203, 204 Precise nature of the forces applied in rolling, as compared with those in forged or

hammered iron, 248
205 Proof that rolled and hammered bars of the same iron differ only in molecular

arrangement, and are mutually convertible in this respect, 249
206 Great difference of ultimate tenacity due to this only, 249

207, 208 Development and size of crystal, upon what dependent; relation to the "make;"
occasional great size, 249, 250

209 Foreign charcoal-iron; Swedish not advantageous for ordnance ; its crystalline

structure ; Schafhaeutl's analyses of Low Moor iron, 250
210 American anthracite and other iron, comparison with English and foreign ; none

poSSeso advantages over British, 251

CHAPTER XXIV.

—

Relation of Elasticity to the Crtstalline Axis.

211 Discussion of Fairbairn's, Navier's, and E. Clarke's experiments, on the strength of

boiler plates in the line of fibre, and across it, 252
212 E. Clarke's experiments on extension in both directions; the elasticity of rolled iron

is a maximum in the direction of the principal axes of the crystals; ultimate
resistance to explosive strains of wrought-iron in that direction, to that
transverse to it, as 7j to 1, 252

CHAPTER XXV Effects of Forging into large Masses, on the useful
Qualities of Wrought- Iron.

213 Effects on molecular arrangement of large increase of mass, in connexion with the
existing modes of manufacture, 253

214, 215 Limit of the rolling process and commencement of that by hammering; serious
difficulties and evils of large forgiugs; final limit as to their magnitude, . 253, 254

216, 217 True estimate of the value of powerful blows; the steam-hammer; its effect when
the blow is excessive on very large masses, 255

218 Direction in which to seek future extensions of our power to produce great masses
of malleable iron ; the limit of useful size has for most purposes been already
overpassed, 256
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CHAPTER XXVI.

—

Change of Crystalline Axis in Weohght-Ieon, Cold.
SECTIONS. PAGE.

219, 220 Much loosely written on the subject; three provisional conclusions from our exist-

ing knowledge, 256, 257

221 Illustration of these in the familiar method of nicking, by which a blacksmith

breaks a bar of iron cold, 258, 259

222 The instance is but a case of the general law of crystalline arrangement, the prin-

cipal axes assuming the directions of least pressure in the mass ; practical de-

ductions as to wrought-iron artillery, 259

223-225 Mr. Hood ; Mr. Thorneycroft's papers on the subject ; the general crystalline

law, the key to the question, 260

CHAPTER XXVII.

—

Effects of the Variable Rapidity of the Blow or of

THE Velocity of Application of the Roptoring Strain, npoN the Character

OF Fracture of the same WEonoHT-lRON.

226 Struck by cannon-shot, the most fibrous wrought-iron breaks short and crystalline

;

experiments at Woolwich, 260, 261

227, 228 Why should rapidity of blow alter the nature of the fracture; the relation between

toughness and possible rapidity of bending without fracture long known ; in-

stances from various bodies, 261, 262

229, 230 Reasons assigned; Dr. Young's principles; general formula for vis viva of fracture;

application to wrought-iron, 262, 263

231-233 In the instances given, the fracture has the same character, whatever be the velocity

of the production ; not so in metals (iron) ; reasons assigned, 264

234, 235 Effects analogous to those produced in breaking a bar {see 221), and but another

case of the general crystalline law; Swedeuborg, Malberg, on the structure of

iron, 265, 266

CHAPTER XXVIII.

—

The Relative Injury done by the Stroke of Shot, to

Guns of different Materials.

236 Experiments made at Lafere, 266

237 None similar fur wrought-iron
;
prediction on principle, 266

238 Steel gun in relation to mass; oast-iron, bronze, wrought-iron, 267

CHAPTER XXIX The mutual relations of the Material of the Gun and

OF the Rapidity of Explosion of the Charge.

239, 240 Explosive compounds become gaseous with different degrees of rapidity; scale of, . 267

241 Gunpowder varies in its rate of explosion with certain circumstances; effect ofhigh

drying and of heating it, 268

242 E.xperlment in illustration; the distress upon the gun dependent upon the rapidity

of explosion, 268

243 Vis villa of the explosion of the shot, and of the recoil, 269

244 Hutton's law, V : -j/P, verified for gun-cotton, 269

245 Table XII. ; comparative effects of gunpowder and of gun-cotton, 269
246 The question of distress upon the gun, resolves itself into one ofmaximum pressure

per square inch, 270
247 French experiments to determine the maximum mean pressures per square inch of

gunpowder and of gun-cotton ; equation for the mean effect of the charge; Table

XIII.; velocity, vl^ viva, and mean effect due to gunpowder and gun-cotton, 130, 271

248 Caliber ; length lor maximum effect, and maximum pressure per square inch for gun-

powder and for gun-cotton, 27
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SECTIONS. PAGE.

249 Necessary still to learn the actual time of combustion of both, 271

250 Relations of force transmission, and of ductility of the material of the gun, to gun-

cotton explosion ; wrought-iron would make the best field-guns for gun-cotton

ammunition, 272

2.51-252 Effects of gun-cotton explosion on cast-iron guns, 271

CHAPTER XXX.

—

Material of the Gun in Rel.^tion to the Chemical Action
OF THE Charge.

253-255 Products of the combustion of gunpowder and of gun-cotton; their respective

chemical actions on cast-iron, wrought-iron, and gun-metal, 273
256 Enlargement of the vent in great part a chemical action ; a true deflagration of the

carbon and iron copper vents; new vent suggested, 273, 27-J

CHAPTER XXXI.

—

Of the Position of the Trunnions upon the Strength of

THE Gun.

257 Action of the recoil in stretching the metal of the gun, 274
258 The longitudinal strain upon the gun by recoil when the breech abuts against a

fixed point, 275

259 When the gun is quite free, 275
26() When fixed rigidly on trunnions, 275

261 The longitudinal strain of recoil is a minimum when the gun has no trunnions, but
abuts against the breech, 275

262 Strains in three directions always act on the gun, two of which increase the distress

due to the third, 276
263 Effects of compressive or extending strains normal to the faces of a prismatic bar;

upon its resistance to tension in lieu of its length; Barlow's, Vicat's researches;

the least distressful mode of mounting a gun, 276, 277

CHAPTER XXXn General Comparison of the Constructive Constants of

THE Materials for Ordnance.

264 Table XIV General Table of the physical properties of the principal materials of

construction for ordnance from British data, 277

Table XV.—Comparison of weight, strength, extensibility, and stiffness, cast-iron

being unity within practical limits, 278

Table XVI Molecular properties of the principal materials for the construction

of ordnance 278

Table XVII Comparative financial relations of the principal materials for the

construction of artillery, 277, 278

265, 266 Discussion of the Tables; general results; wrought-iron superior to all other mate-

rials in strength, in durability, in cheapness, in cost of transport in service, 279, 280

CHAPTER XXXIII.

—

Op the Proper Construction of <Juns in Wrought-Iron
OF THE Largest Class.

267 The difficulties of manufacture in wrought-iron; guns up to 12-pounder3 might
be rolled, 280

268 Smaller guns may be forged by hand even ; Pottinger and Mallet's early wrought-
iron guns; peculiar construction and value in certain circumstances, . . . . 280

269, 270 Rolled wrought-iron tubes ; Table XVIII. ; experimental strengths of Birmingham
Tube Company's tubes; great strength; causes, 281
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SECTIONS. PAGE.

271 The construction, by rolling, of wrought-iron guns, cheaply and readily, up to about

12-poundei-s, offers no difficulties, 282

272 With enlarged calibers the rolling process must still be adopted; why and how,

considered, 283

273 Analysis of the forces acting upon a gun when fired, 283

274 The limit at which no addition to thickness adds to resisting power; Morin's, Dr.

Robinson's, Dr. Hart's, Barlow's formula for resistance of cylinders, . . 284, 285

275 Barlow's parado.\ical result, not the correct conclusion from his reasoning, . . . 285

276 The limit of thickness for any material soonest reached with cast- steel, .... 285

277 The gun bursting at one or both ends of a diameter, does not affect this limit, . 286

278 Effect, the caliber continuing the same, of merely removing the material further

from the axis, 286

279 Effect, the caliber continuing the same, of separating the whole thickness into con-

centric lamina;, initially compressed and extended, 287

280 Theoretic increase of strength thus effected for same caliber and thickness, . . . 287

281 The conditions of 278, 279, combined; results, 288

282 Built-up guns of wrought-iron on the preceding principles 289

283 Calculation of strength in practice, 289

284 Investigation of comparative and absolute stress and resistance of the external rings

and of the longitudinal bars, 290

285 Eatio of distress in guns made solid, and of the established models, tangential

and longitudinal, 291

286 Precautions as to radial junctions, 291

287 Their enlargement at instant of explosion, evanescent; example in a 10-inch gun, 291

288 Reinforce rings, shrunk-on, not new, but the construction here proposed is so, . 292

289 In practice, precise temperature of the successive rings unimportant 292

290 Discussion of the physical conditions of wrought-iron, contracting from high tem-

peratures under strain, . 293

291 , 292 The work done divided between elongation of the bar and residual strain, . . . 293

293, 294 Practical deductions as to shrunk-on rings, for whatever purpose, 294

295 The cooling may be slow or sudden, as with wheel tyres ; distinction between those

and gun rings; for the latter the cooling to be slow, and the iron annealed, . 295

CHAPTER XXXIV Of the Relations BET^VEEN Annealing and Tenacity.

296 Experimental knowledge deficient; condensation and arrangement of crystal by

rolling, &c., increase tenacity ; annealing appears to diminish it ; the work

done at rupture may, however, be a constant, 296

297 The annealing temperatures of metals not determined; apparent relations to fusing

temperature; annealing in the more fusible metals; Baudrimont's researches, 296

298 Changes of density by rolling, and by annealing iron, copper, gun-metal, . . . 297

299, 300 Researches of the Franklin Institute, of M. Payen; the work done at rupture in

both states deduced from his results; confirm the views of the text as to value

of wrought-iron for artillery, 298

CHAPTER XXXV.

—

Of Trunnions or other Fulcra in Relation to Built-up

Guns.

30

1

Trunnions, as hitherto attached to single-ply ring guns ; destruction through effects

of recoil, 299
302 In built-up guns the recoil should be borne by a fulcrum in line of axis against

the breech. Advantages of abandoning trunnions in all cases ; absorption of

recoil not by dead weight, but by elastic material, 299
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303, 304 Recapitulation of the advantages of built-up artillery of wrouglit-iron ; better
material, better applied ; 36-incli mortars designed by the author for British
Government, 300

305 Remarks in refutation of the chief objections urged against wrought-iron as a
material for guns, against built-up guns of v^rought-iron; American Govern-
ment Reports, 3(11

CHAPTER XXXVI.—Particular Conditions of Wear of Gun3 in Service.

306 General forms of wear, 302
307 Particular forms of wear observed in the United States; " Columbiads," their

explanation, 303
308 Stellilbrm enlargement of vents; its explanation, 303

309, 310 Burnishing of the lower side of chase ; its explanation ; economy of wear induced
by sabots, 30 4

311, 312 The wear is, in part, of the nature of abrasion by friction; Morin's constants;
application, 3O5

313 The wear in relation to charge, velocity, caliber, and weight of shot; wear of
wrought-iron 6-pounders in America; of Colonel Simmons' 32-pounder, . . 305

314 Ballotage; what its conditions; maybe least in wrought-iron guns; wear by atmo-
spheric corrosion, 3O6

315 Further objections to wrought-iron guns stated and answered, 306
316 Special objections to built-up guns, answered, 307,308

CHAPTER XXXVH.—Resume and Conclusion.

317, 318 Precise scope of the work, not mechanical operations, but physical and mechanical
science applied to form, fabric, choice of materials, and modes of application in
ordnance, 3O8

319 Recapitulation si^ubjects discussed, and conclusions arrived at under twenty-one
lieads, 309-311

320 Wrought-iron substituted for cast in civil structures ; why not in artillery; con-
clusion, 3J2

NOTES.
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NOTES. SECTIONS. PAGE.

P, 190 Cast-steel guns; Krupp's, 374

Q, 206,214 Wrought-iron guns; Princeton; Gospel Oak; Mersey Steel Company, . . 377
E, 214 Great forgings; effects of long heating and hammering; refers to Note Q, . 391
S, 265 Physical constants of the materials for gun-founding, 392
T, 26G Field batteries of wrought- iron guns, 397
U, 270 American methods of proving musket barrels by water presiire, .... 399
V, 271 Field-guns of rolled iron; refers to Note T, 399
"W, 282 Dr. Hart's investigation 399
X, 286 Radial joints; built-up guns; refers to Notes K and W, 407
Y, 289 Shrinking-on heated rings ; refers to Note W, 407
Z, 305 American Reports on wrought-iron guns, 407
AA, 305 Large forgings ; diflSculties; refers to Note Q, 417
BB, 305 Advantages of wrought-iron guns; refers to Note T, 417
CC, 316 Effects of heating in service on built-up guns; refers to Note W, .... 417
DD, 318 Further researches needed ; refers to Note S, 417
EE, 320 List of German authors, 418

PLATES.
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I. Directions of fracture in burst cast-iron guns, To face 146
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V. Molecular forms of cast and wrought-iron, 369
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( 437 )

IV.

—

On a new Barometric Formula for Mountain Heights, in which the Hygro-

metric Condition of the Atmosphere is systematically considered. 5y Heney

Laus Renny, M. R. I. A., Lieutenant, Royal Engineers, Retired List.

Kead January 8th, 1855.

XN the most approved formiiliE employed in determining the height of moun-

tains by means of the barometer, we find attempts to make allowance for the

hygrometric state of the atmosphere, which attempts areas loose as they are in-

accurate. It is therefore desirable to reconsider systematically the entire question,

in order to obtain a formula free from the defects of those at present in use, the

necessity of which cannoiJ?e doubtful to any one who is aware that in the for-

mula given by La Place and Poissqn, the mode of making allowance for the

hygrometric state of the atmosphere increases, instead of diminishing the error

whenever the temperature of the atmosphere is below the freezing point

;

which circumstance has already been brought before the notice of the Academy

in a paper submitted to it by Dr. Apjohn, and published in the " Proceedings

of the Royal Irish Academy," vol. ii. p. 563.

1. The ordinary method of obtaining the fundamental equation for determin-

ing the height by means of the barometer, viz. h = c log —„ in which h indicates

the height of one station above the other, c a constant quantity, and j?,j9' the

pressures of the atmosphere, which method consists in regarding the heights

ofthestationsto vary as the logarithms of the pressures—is mathematically cor-

rect, and sufficient for practical purposes, so long as the question has reference

to only one elastic gas, such as dry air ; but in a question which has reference to

a union or mixture of two elastic gases, such as dry air and vapour of water,

having different elastic forces, it is necessary to employ the integral calculus

;

and the following calculations are made after the method of Poisson, which

VOL. XXTII. 3 M
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may be found in Poisson's " Mecanique" (Paris edition, 1811, vol. ii. book iv.

chap. V. p. 429), with such additions and modifications as the more correct

consideration of the subject renders necessary. The method employed by

PoissoN is substantially the same as that employed by La Place, which may

be found in the " Mecanique Celeste."

2. Let—

TT be the elastic force of a given mixture or union of dry air and vapour of wa-

ter, being measured by the pressure to which the said mixture is exposed.

T be the temperature of said mixtui'e, measured by Fahrenheit's thermometer.

F be elastic force or tension of vapour of water of said mixture.

p be specific gravity or density of said mixture,

A be ratio of elasticity to density (also called modulus of elasticity) of said

mixture, and equal to -.

P

a be modulus of elasticity of dry air at freezing point.

z be heio-ht above the level of the sea of an extremely thin stratum of a mix-

ture of dry air and vapour of water, having a temperature t, and under a

pressure tt, the elastic force of the vapour of water being F.

g' be force of gravity at distance z above the level of the sea.

g be force of gravity at the level of the sea.

•^ be latitude of the stations of barometric observations.

f be half the increase of gravity from the equator to the pole of the earth =

0-002695.

r be the radius of the earth = 20898240 feet.

M be modulus of common logarithms.

I be expansion of gas for each degree of Fahrenheit - 0-002084.

m be expansion of quicksilver for each degree of Fahrenheit = 0-0001.

Let, moreover,

—

h, h' be heights above the level of the sea of the lower and upper stations of

barometric observations.

p,p' be pressures of the atmosphere at lower and upper stations.

/,/' be tensions or forces of aqueous vapour at lower and upper stations.

/3, ji' be barometric observations at lower and upper stations.
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T, T' be temperatures of the quicksilver of the barometers at lower and upper

stations, as shown by the attached thermometer.

t^a be temperatures of the atmosphere at lower and upper stations, as shown

by the detached thermometer.

H = h' — hbc the required height of the upper station above the lower one.

Now, according to our definitions, we have

and whereas the mixture or union of dry air and vapour of water is exposed to

a pressure tt, and that the vapour of water sustain a part of the pressure = F,

it is obvious that the dry air of the mixture is exposed to a pressure ~ tt — F

;

it is, moreover, well known that the densities of dry air and vapour of water,

under the same or equal pressure, are to each other as 8 to 5 ; also that,

cceteris paribus, the densities of gas vary as the pressures to which it is ex-

posed. If, therefore, we assume unity to represent the density of the dry air of

F
the mixture, we have ^^ r^to represent the density of the vapour of water

of said mixture, also 1 + § . -r, = %- to represent the density of the

mixture itself; but, according to our definitions, this last density is p ; there-

K — ^F . 77 —F
fore, as S^

; i ; ; p ; the density of the dry air of the mixture = p

.

^-=

.

TT — -T TV — "S" -T

But the said dry air is under a pressure = tt — F, and as the densities of gas

vary cceteris paribus as the pressures to which it is exposed, we have as an ex-

pression for the density of the dry air of the mixture under a pressure w the

TT

quantity p

.

j-r^, at the same time that the quantity p indicates the density

of the mixture itself under an equal pressure tt, and of the same temperature T.

The moduli of elasticity {vide Definitions) of different gases, under equal pres-

sures, vary obviously as the reciprocals of their densities ; therefore

—

As - : :: A : A .
2_.

p TT ,r

PZ
—

^V— B

3 M 2
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But according to our definitions, the modulus of elasticity of dry air at the

freezing point is a, and, making allowance for increase of elasticity in conse-

quence of increase of temperature, we have a. \l + l(T — 32) j
for the expres-

sion of the modulus of elasticity of the dry air of the mixture having a tempe-

rature T. Therefore, equating these two expressions, we have

A-—^^ = a.\l-\-l(T-32)\ or A = a.\l + I (T- 32)\ .

Substituting this value of J. in equation (1) we have

in which equation p indicates the density or specific gravity of mixture or union

of dry air and vapour of water, having a temperature T, and under a pressure tt
;

i, the expansion of gas for each degree of Fahrenheit ; and a, the modulus of

elasticity of dry air at the freezing point ; and F, the tension or elastic force of

the vapour of water of said mixture, having the temperature T.

3. Let us now suppose a cylindrical column of a mixture or union of dry

air and vapour of water to exist between the stations of barometric observa-

tions, and let us suppose L to express the area or surface of an extremely thin

stratum of said mixture at a distance above the level of the sea - z, then dz

is the thickness of such stratum, -1- Ldz is the solid content of such stratum,

SMd. — Ldzpg' is the weight of said stratum. Moreover, Lit and L{T:-\-dTt)

express the pressures on the upper and lower surfaces of the stratum, the dif-

ference of which pressures is obviously equal to the weight of the stratum : we

have, therefore, Z (t + d-rr) - Lt: = - Ldzpg\ or d-n = - dzpg'. Substituting

in this last equation the value of p given by equation (2), we have

— q'dz , - r,.^-
ail.f4^-32)r

^^-^^^-

But g' = a. TT ; therefore we have, after substitution and modification,

dTT — gr'^ dz ^ „ \

t-^F ^ ajl-t-;(r-32)| (r + z)'

'

^ '
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Comparing equation (3) with corresponding equation of Poisson's "Mecanique"

(vol. II. chap. V. article 542, Paris edition, 1811), viz.

dp _ — gr"^ dz

p a (1 + ax) ' (r + zy

and recollecting that, in Poisson's equation, the product ax has the same

signification as 1{T — 32) of our equation, x being the number of centigrade

degrees above freezing point, and a being the expansion of gas for each

centigrade degree : a being, in Poisson's equation, as in ours, the modulus

of elasticity of dry air (the only air considered by Poisson) ; also p having the

same signification as tt, and the other characters of Poisson's equation being the

same as in ours. It appears that, in Poisson's equation, the denominator p of

the left-hand side of the equation is too great; by way of compensation,

Poisson, following the recommendation of La Place, increases the denomi-

nator of the right-hand side of the equation, by increasing the quantity a,

—

making it 0'004, instead of 000375, its real value. Now, though this increase

of the value of a may improve Poisson's equation, when the temperature is

above the freezing point, it unquestionably increases the error when the tem-

perature is below the freezing point, because, under such circumstances, x

in Poisson's equation becomes subtractive, and the denominator of the rightr

hand side of Poisson's equation, instead of being increased, becomes diminished.

Moreover, the substitution (even when the temperature is above the freezing

point) of 0'004 instead of 0'00375 is, at best, but a guess as to quantity, and,

like all guesses, more or less uncertain: hence the necessity of some effort to

improve the formulse given by La Place and Poisson.

4. Let us now proceed to integration. In order to do so, we ought to be

acquainted with the law of variation of temperature of the atmosphere between

the stations of barometric observations ; also the law of variation of the elastic

forces or tensions of vapour of water between the said stations. In the absence of

correct information relative to the first law, it is assumed that the temperature

of the atmosphere between the stations varies uniformly; a mere supposition

(sometimes true, sometimes far from it). According to such assumption, we have

to replace the variable {T — 32), by the arithmetic mean of the temperatures

of the stations as ascertained by the detached thermometers, that is, to replace
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With respect to the laws of variation of forces of aqueous vapour, it appears, on

consulting the Table of Forces of Aqueous Vapour in Tuenee's " Chemistry"

(seventh edition, pp. 1248 and 1249), that such forces form quam proxime

a geometric series, when the temperatures form an arithmetic one. As, there-

fore, we assume the arithmetic mean to replace the variable (T— 32),

we can do nothing better to replace our variable F than to assume, as its re-

presentative, the geometric mean of forces of vapour, viz. -/{ff')-

Making such substitutions in equation (3), we have

d-n — gr^ dz

Integrating equation (4), we have

hyp. log (.-§/(//) = g+
, . + ^_64r -(7TIT-

a 1 + '
Ik

(4)

Replacing successively in this last equation the quantity tt, by its values at the

lower and upper stations, viz., f and 77'; z by its corresponding values h. and

(h-\-H); substituting for hyperbolic logarithms common ones, and subtracting

one equation from the other, we have, after suitable modifications,

H =—^i TT

—

^ .{1 + -—^— + -^^

—

-, • com. log ^, ? //;{/Mg
\

r r- \ p-%viff)

Omitting in this last equation the quantity -^ ^ ^^ ^°° ^^^^^^ *° ^^ ^^^^"

a
fully retained, and assuming K^ to represent the quantity -^, we have

.P- _^. ^ ,1 ^,'±1:^! . jl + ?Lt^i .com.log^-^^^^)
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We have now to replace p and^' by their values expressed in terms of the ba-

rometric observations, viz. /3 and /3'. In so doing, we must make allowance for

the difference of the specific gravities of the quicksilver of the barometers at the

stations of observation ; at the lower station the specific gravity of the quick-

silver is rendered greater than that at the upper station, by the greater power

of gravity at the lower station. But the specific gravity of the quicksilver at

the upper station is rendered greater than that at the lower station by dimi-

nution of temperature. Considering these two totally distinct causes of diffe-

rence of specific gravities, if we assume to represent p of the lower station, the

quantity ^ .
— y-j we have to represent p' of the upper station, the quantity

l+m(r-32)
'^l + m{T'-2,-2)'

^(r + hy- {r + h+ h'-hf (r + h +ny (,_^ H . .^
^^^ ) . li- = ?

—

-,^-V2— =^—7-^2 = 1 + ~rT = (by omit-
(r+hy {r + hy (r + hy \ r + hj ^

'

ting quantities too small to be usefully retained) 1 -t-

2H

Moreover, l±|il|-^_||l = |1 + ,« (T - 32)\ . \1 + m . {T - 32)|-'

=
S
1 + m (T- 32)

I

.
j
1 - 7?i (r - 32) -f- Anr + Bm' + Cm^ + &c. j = (by omit-

ting second and higher powers of m, as too small to be usefully retained)

1 + m (T— T"). Thus we have to replace^ and/)', the expressions

^('l + ^) and ^'.\l+m{T-T'y.

Substituting these, we have

K^ is a function of g, and as g varies with the latitude of the stations of baro-

metric observations, it is necessary to consider K^ as a function of the latitude,

and to seek its value as such. For this purpose, let K correspond to latitude

45°, and let G be corresponding force of gravity, while Ki corresponds to lati-
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tude -f, of which g is the corresponding force of gravity {vide Definitions).

Then, according to Poisson's " Mecanique" (Paris edition, 1811, vol. i. book ii.

article 194), we have

^"* ^'=Wg= M.G{l-^cos2^) = F&' (^ " ^ ^°' ^V^)"" == (^^ °°^i"i°g

second and higher powers of f, as too small to be usefully retained)

^ (1 + f cos 2^). But K = jjT-, therefore Z", = ^. (1 + f cos 2f ).

Substituting this value of Ki in our last equation, we have

i7.^.il + fcos2^|.jn-^j.jl +A^^ij

. com. locr —x^ ^ ' ^ ; A
° P\\^m{T-T)\-lV{fr)

In this last equation .£" is a constant quantity corresponding to latitude 45°.

Let us now compare this last equation with the similar one of Poisson's

"Mecanique" (Paris edition, 1811, vol. ii. book iv. chapter v.), viz.

—

z = 18336 .

i
1 + 0-00287 cos2.|r!

. jl+'Jo^j • [^ + ;}
" \^°Sji + ^'^og(l +^

and recollecting that in Poisson's equation h and h' (which have the same sig-

nification as /3 and /3' of our equation) are supposed to be corrected for dilTer-

ence of temperatures, as shown by the attached thermometers ; consequently

h f z\ ^i'^^,
log 77 4- 2 log ( 1 + - ) = log II

' '' = (by omitting quantities too small to

be usefully retained) log > < has the same signification as

log
'§!\l + m.T-T')\

of our equation ; recollecting also, that in Poisson's equation the lower station
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is supposed to be at the level of the sea (which supposition injures Poisson's

formula by diminishing its generality), it appears that in systematically taking

into consideration the hygrometric state of the atmosphere, our formula differs

from that of Poisson only in subtracting the quantity § '/{ff) from the baro-

metric observations properly corrected. The constant coefficient, 18336 metres,

of Poisson's equation,—which is equal to 60158'6 English feet, having been cal-

culated for latitude 45°, without a systematic consideration of the hygrometric

state of the atmosphere,—ought to be replaced by a constant obtained from a

considerable number of accurate barometric observations, taken in connexion

with accurate observations of the wet and dry thermometers.

5. Let us now consider if we can simplify our formula. Poisson says that the

corrections dependent on the height of the stations above the level of the sea,

and on the height of one station above the other, may be omitted in calcula-

tions not requiring any very great nicety, if we increase the constant ; and

thisopinionof Poisson, as well as the pernicious advice given by him, as also by

La Place, with a view to allow for the vapour of water of the atmosphere, are

adopted in Bayley's Astronomical Tables. Notwithstanding such authority,

this advice ought not to be followed, as it sometimes leads to errors greater than

the unavoidable errors of observation. In fact, these corrections enter the

formula in two ways altogether different. In the expression ( 1 -1 •

j,

which is a multiplier of the constant, the correction arises from the height of

the stations above the level of the sea, and in the expression ^{\-\ ) the

correction arises from the heisrht of one station above the other. As the calcu-O

lations are not very troublesome, it is desirable, in all nice and accurate baro-

metric observations, to retain these corrections ;—to the discretion of the

calculator must be left when to retain and when to omit them.

It is now advisable to make some remarks touching the elastic forces of

vapour of water found in our formula. The quantities/and/' (according to

our definitions) represent the actual forces or tensions of the vapour of water

of the atmosphere of the lower and upper stations. These forces differ from

the elastic forces of the dew-points by quantities so extremely small that we

shall employ, instead of them, the forces of the dew-points. Hygrometric obser-

VOL. XXIII. 3 N
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vations should always, if possible, be made in connexion with barometric ones,

but when this cannot be done, it is better, I believe, to obtain from an approved

table of forces of aqueous vapour approximate values of/ and/', such as belong

to temperatures 3° or 4° below the temperatures t and t\ than to neglect alto-

gether the hygrometric state of the atmosphere. With respect to the quantity

K{\ + ^ cos 2i^), we may substitute for it a constant calculated for a particular

latitude, which will answer well enough for latitudes no more than one degree

north or south. Such constant may be designated a Local Constant, and the

formula containing it a Local Formula.

Let us now reproduce our formula

—

t + t' -U]
5'=^.il + ^cos2f|.jl + ?^j.jl + ;.

/3(l + ?^)-§y(//)

Let us replace K(\+^ cos 2-f) by a constant calculated for a particular lati-

tude. Let such constant be iV, then

•^^'"•^"g
/3'ii-;m(7--V)i-tV(y/) - (B)

Let us now omit the quantities ( 1 + 1 and I 1 + 1 ; when such

may be done without serious error, we have

K is the constant belonging to latitude 45° f = 0002695 ; r = 20898240 feet

;

I = 0-002084 ; m = O'OOOl. The term /(//"), which is the geometric mean of

forces of aqueous vapour, is readily obtained from an approved table offerees of

aqueous vapour.



Formula for Mountain Heights. 447

The formula (A) is the formula in its most general form, the constant K
being calculated for 45° latitude. The formula (B) is a local formula. The

formula (C) is also a local formula, and may be employed in England when the

upper station is not more than 500 feet above the lower one, or more than 1000

feet above the level of the sea, and when the barometric observations are of the

rough kind. I strongly recommend, however, the use of formula (B) in all cir-

cumstances.

A new constant is obviously a desideratum in all these formula.

Before this paper is brought to a conclusion, some remarks in reference to

papers on this subject, and published in the second and third volumes of the

" Proceedings of the Eoyal Irish Academy," may not be inappropriate.

In these papers it is assumed, that because the thickness of a portion of dry

air, by becoming united to a portion of vapour of water having a tension F,

both under a pressure tt, is to the thickness of dry air, previous to its union,

under an equal pressure, as -n-.Tr — F; so that dry air necessarily receives an

increase of thickness by becoming united with vapour of water, the pressure

continuing unchanged. It follows that in employing barometric observations

for ascertaining the height of mountains, when we take into consideration the

hygrometric state of the atmosphere, we ought to allow a corresponding increase

of height in the proportion, tt — F: tt, calculated by summation of variable

quantities by means of series, or of the integral calculus.

Now if the increase of height, in consequence of the atmosphere containing

aqueous vapour, were analogous to the increase of height produced by increase

of temperature, which causes an increase of the elastic force of the atmosphere,

without any addition of material substance, the method pursued in former

papers would be substantially correct. But vapour of water, by becoming

united to dry air, adds its own weight to that of the dry air. Thus the analogy

fails altogether ; so much so indeed, that if the elastic forces of dry air and of

vapour of water were equal, the formula for dry air alone would be the same

as that for dry air united to vapour of water, notwithstanding that dry air ne-

cessarily expands by addition of vapour of water, the pressure continuing un-

changed. But the elastic forces of vapour of water and of dry air are to each

other as 8 to 5 ; and the increase of height in barometric formulae due to the

3 N 2
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consideration of the hygrometric state of the atmosphere requires such a cal-

culation as that employed in this paper.

Although the error belonging to the formulce given in the " Proceedings of

the Royal Irish Academy," vol. n. p. 565, and vol. ui. p. 322, be not consider-

able, and although they are an obvious improvement upon the formulje in pre-

vious use, yet as they are erroneous in principle, they ought not to be retained,

seeing that they are replaced by the more correct formulse of the present

paper.

N. B.—The equation already published (vide " Proceedings of the Royal

Irish Academy," vol. ii. p. 565, and vol. ni. p. 322), viz. :

p p'

in order to harmonize with this paper, ought to be

P
V X P-iF

I

J
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V.

—

On the Drainage of Haarlem Lake. By Samuel Downing, Esq., LL. D.

Professor of Civil Engineering in the University of Dublin.

Read February 12, 1855.

X HE Lake of Haarlem, situated in the northern part of North Holland, is (or,

we should now more correctly say, was) a large fresh-water lake lying between

Leyden and Amsterdam, and reaching within two miles of the city of Haarlem,

from which it derives its name. Its general outline is, as appears from the

Map, Fig. 1, Plate X., of an irregular oblong figure ; its greatest length,

from north to south, being about 14^ miles, and greatest width, from west to

east, about 8 miles ; the total area being 44,500 statute acres ; and the average

depth 13 feet; the surface of the water was nearly on the level of the sea.

Fig. 1 is a map of the Lake, after the boundary dyke and canal had been

finished, but before it was finally closed in at Halfwege, Sparndam, and Kat-

wyck canal. The dotted lines, within the area of the Lake, show its boundaries

at the several dates figured upon them. On the eastern side are shown the

minor lakes with which it was feared Lake Haarlem would soon have been con-

nected had not it been laid dry.

Fig. 2 shows the several water-courses excavated in the bed of the Lake,

leading the surface water from rain or infiltration to the three pumping-engines

by which it is elevated into the surrounding canal, from which it is finally dis-

charged into the sea. The bed of the Lake is now laid dry ; the land thus

obtained has been sold, and the greater part will this summer produce some

kind of crop, a clear addition of about 70 square miles having been thus

made to the agricultural resources of that country.

It is my present object to give some account of the more interesting opera-
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tions by which this result has been so successfully obtained. It will fa-

cilitate this end if we first consider some of the physical peculiarities of

Holland, its formation, the raiu-fall, evaporation, &c. It would be a great

mistake to suppose that this country is all a mere Delta of the Rhine ; the com-

parison of the coast-line of Holland with those of the Deltas of the Ganges,

the Mississippi, and the Nile, would, from the great difference in the contour of

the sea level, which they all, as compared with Holland, express, lead one to

suspect some corresponding difference in the character of their respective for-

mations. A more intimate knowledge of this country will, I think, confirm

the impression thus raised, at least as to all the more northern districts, in

which we find, prevailing over a large area, a dark peat, sometimes more than

30 feet deep, resting on sand or clay, the level of its surface being seldom above

mean tide level, and very frequently much below it.

Nor is the river Rhine one of those that carries down to the coast any very

large proportion of sediment, as may be concluded from a comparison of it with

these other rivers, in reference to the weight of earthy matter in suspension:

—

Oxus, 250 lbs. ; Yellow Sea, 50 lbs. ; Ganges, 22 lbs. ; Wear, in floods,

16 lbs. ; Mississippi, 6 lbs. ; Rhine, | lb. in 1000 gallons.

In fact, so far from being a Delta, ever increasing by successive deposits, we

may regard this territory as the fragmentary relic of some larger region, which

has been devastated by the ocean, and is now only preserved in its present

outline by the unceasing care and industry of man. Many of these inroads

of the ocean are well-remembered historical facts ; the present inland arm of

the sea, called the Zuyder Zee, was the result of a terrible storm in 1 287, in

which 80,000 persons perished, and cattle innumerable ; and, ten years before,

the tract of land which now forms the Dollart was swallowed up ; and a long

list of similar disasters might be enumerated.

Along the sea-board of the German Ocean the country is protected natu-

rally by a high ridge of sand-hills, which stretch along the coast from near

Dunkirk to the Helder. On every other part the waters are kept back by

immense sea-dykes; and not only on the sea-coast, but also on each bank of the

intersecting rivers, are these necessary. The annual cost of the maintenance

of the dykes, and the other necessary works, is about £600,000. From this

view of the relative position and levels of the land and water, we hardly re-
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quire the authority of Elib de Beaumont to give force to the supposition of

some great subsidence of the land having taljen place, its original conditions

being such as to facilitate the formation of a vast extent of peat of considerable

depth.

The range of the rise and fall of tides (a most important physical feature

in the artificial drainage of this country, as we shall perceive) is about six feet

along the coast of the German Ocean. Within the Zuyder Zee the rise at

Amsterdam and in the River Y is barely 2 feet. The prevailing wind is (and

we shall find hereafter that this is one most important agent in freeing this part

of Holland of its injurious excess of water) the south-west. Nor must those

peculiar circumstances of the great intersecting rivers of the Continent, which

bear upon the safety of Holland, be omitted here ; these rivers are always fro-

zen over in winter, and frequently the rain-fall and melting snows of the higher

districts of the Continent are brought down in great volume before the ice in

the lower part has disappeared. If, coincident with this, a westerly wind has

forced back a spring tide into the mouths of the rivers, and keeping up the

shattered ice as a great dam, thus causing the land flood (already, it may be,

up to the very edge of the dykes) to rise yet higher, and burst with fury over

the now defenceless fields. It is from some conjunction ofunfavourable circum-

stances, such as those mentioned, that Holland has generally suffered. In 1799

the very existence of the country was threatened from this source, the Ehine

rising 7 feet in one hour at Nymegen. The improvements in the bed of the

river Rhine, even as high up as Bingen, have been a cause of increased anxiety

and expense to Holland, by bringing down the waters of land floods and melt-

ing snows of the Alps more suddenly upon their dykes. An average ofthirteen

centuries would show that they have had some severe disaster, either from sea

or river, once every seven years.

The annual amount of rain-fall and evaporation is another natural feature of

even greater importance to this than perhaps any other country. The mean

fall, deduced from observations of 100 years, is 25-1 in. ; the mean evaporation

22'6 in., giving a difference of only 2"5 in. of excess of rain-fall.

From the earliest times this country has been divided into different dis-

tricts, of greater or less extent according to circumstances, which districts are

protected and bounded by great dykes that oppose the entrance of the surround-
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inc waters. These districts have been placed under regular administrations,

whose rights and privileges have been guaranteed by the head of the State, and

have always been respected through every change and revolution, and notwith-

standing all the other divisions and subdivisions of the country, whether fiscal or

judicial. Their principal duty always has been to make and maintain the means

of defence against an invasion of the surrounding waters, whether from the sea,

the rivers, or conterminous administrations. All these waters, of whatever kind,

which threaten the boundary dyke, are denominated the external waters. But

within this bounding dyke are also found extensive areas of water, arising

either from rain or snow, or infiltration from surrounding waters, or from natural

springs ; which last are, however, but rare. These interior waters, although

in part carried off by evaporation, would, nevertheless, rise too high within the

dyke (and become as injurious as the external waters) if they could not flow

offwhenever circumstances may lower the surface of the latter. Every boundary

dyke has, therefore, one or more self-acting sluices, which permit the discharge

outwards, but close whenever the external waters are higher than the internal.

Other communications are also opened through the boundary dyke, for the

purposes of navigation and irrigation.

The Administration for Hydraulic Works of the Eynland, as containing the

Lake of Haarlem, of which we are treating, will best illustrate the nature of

this territorial division. Its artificial boundary is shown by a dotted line upon

the Map, Fig. 1, Plate X. It discharges its waters at three points:—1. On

the north, at Sparndam and Halfwege (that is halfway between Haarlem and

Amsterdam), into the River Y, and so into the Zuyder Zee. 2. On the south

into the German Ocean, at Katwyck sluices. 3. Into the Eiver Yssel at Gouda

;

in all, eleven sluices, having a total breadth of about 280 feet.

Within the bounds of every Hydraulic Administration are found three great

divisions of the surface, technically named the natural lands, the basin., and

the polders. The Natceal Lands are those which, as being above the

surface of the internal waters, permit the rain to flow naturally oS" their sur-

face. The Basin consists of the surface of all the internal waters what-

ever, marshes, lakes, canals, and drains,—all having one surface level, and in

free communication ; the level of the surface of the basin is in general a little

lower than that which the waters would have in summer, if the boundary dyke
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did not exist. The Poldeks are the lands lying below the level of the water of

the basin, and must therefore be kept dry by artificial means, each separate

polder being surrounded by its own dyke to keep out the waters of the basin

;

over which dyke the waters of the polder must be raised mechanically. The

depth of the land in the polders, below this level, varies from a few inches to

20 feet.

In the Rynland Hydraulic Administration the relative areas of these three

descriptions of surface are:

—

Natural Lands (two- thirds of which are Dunes or Sand-hills), 76,000 acres.

Basin, 56,000 „

Polder Lands, 173,000 „

305,000 acres.

From which we have this surprising result, that but one-fourth of the total area

is land situated above the level of the water; let the boundary dykes fail, or the

mechanical raising of the waters cease, and the vast area of 173,000 acres re-

verts to its original condition, becoming again covered with water.

It will be understood now, from what has been said, that when the exterior

are lower than the interior waters, the basin acts as a channel to conduct the

waters flowing off the natural lands, and raised mechanically from the polders

to the sluices in the boundary dyke, and so to the sea ; but if, on the contrary,

the exterior waters are at any time higher than the interior, the basin acts as a

reservoir to contain these waters derived from the natural lands and polders,

until a favourable time for discharging them through the sluices arrives. Hence,

if for any lengthened period the external waters remain at a high level, closing

the self-acting sluices, and stopping the discharge of the internal waters, the

proportion of the area of the basin, relatively to that of the rest of the admi-

nistration, becomes of the highest importance, for at every polder there is a

scale fixed, like the scale of feet at a dock entrance ; the zero of these scales,

which is common to the whole country, is the top of a certain pile at Amster-

dam, and is briefly called the A. P. (Amsterdam pile), or O. A. (zero of Ams-

terdam). It is about the mean level of the tides in the Zuyder Zee, and also the

surface of the natural lands in the greater part of the two provinces of Holland.

It is most suitably, then, the point of reference in all hydraulic works and ob-
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servations in this country. Upon the scale I have described, there is a point

marked, called the point d'arret, or point of stopping, which is the same height

for all the polders in each administration, but not the same for every different

administration ; and when the interior waters of the basin have reached this

point, then all the windmills and steam-engines raising water from the polders

must cease working, although the consequence of this, if the stoppage continue

long, must be, that they become, to their great injury, covered with water

;

this, however, is the lesser of two evils,—for the point of stoppage has been

fixed with a reference to the height of the natural lands, and the lower and

weaker of the banks surrounding the polders.

The consequence, then, of permitting the surface of the basin to rise above

this point by any further continuing the mechanical lifting of the water of the

polders, would be to flood the natural lands, and cause the water to flow back

into the polders over the top of their boundary dykes, not only flooding the

lands below, but endangering the bank being cut through by the rush of water

over the top.

Upon the area of the basin, therefore, multiplied into the vertical depth from

the point of stoppage to the level that the surface had at the time the self-act-

ing sluices closed against the exterior waters, depends the volume of rain that

may fall upon the total area of the Hydraulic Administration, without entailing

the great injury of a cessation to the mechanical drainage of the polders.

We may illustrate this by the Rynland. Let us suppose the level of the

surface of the water in the basin to be 1 foot 2 inches below the point of

stoppage, and the self-acting sluices closed, the external waters being from any

cause raised above that point. Let 3 inches' depth of rain be supposed to

fall in the week over the whole 305,000 acres ; this will raise the basin of

56,000 acres, 3 inches, by that which falls directly upon it, no evaporation

being supposed to take place, and the rain upon the polders, being also

thrown ofi" as it falls, being raised by the windmills and steam-engine, 3 inches

upon 176,000 acres, will be equal to 9'4 inches on 56,000, and 3 inches falling

on the natural lands ; and, flowing down on the basin, will raise it 4 inches.

Thus, the total rise of the basin would be 1 foot 4-4 inches, or 2 inches above

the point of stopping ; the engines raising the water from the polders would,

therefore, have to cease working before they had discharged that amount
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of rain-fall ; nor can it be recommenced until the exterior waters have fallen

below the point d'arvM. We see now what a change in the Rynland has

been made by laying dry the Lake of Haarlem : 44,500 acres have been

deducted from the Basin, and added to the Polders. Instead, therefore, of

56,000 and 173,000 acres respectively, we have 11,500 and 217,500 acres for

the areas of basin and polders :

—

Before Draining Lake. After Draining Lake.

Natural Lands, 7G,000 acres. 76,000 acres.

Basin, 56,000 „ 11,500 „

Polder Lands, 173,000 „ 217,500 „

305,000 acres. 305,000 acres.

Consequently, instead of the basin being able to bear nearly 3 inches of

rain-fall without stopping the discharge of water from the polders, as in the

example just given, it would not bear three-quarters of an inch without produc-

ing the same evil effect. The authorities of the Rynland were, therefore,

justified in demanding from the Commissioners of the Drainage of Lake Haar-

lem guarantees that it should not, when completed, entail any injury upon

the rest of the district under their charge.

In another interesting point of view it was necessary to guard against any

injury to this Administration by the successful drainage of the Lake.

It has been observed in navigable canals, that in very long and straight

reaches, the surface, which in calm weather is truly level, becomes, when the

wind blows with force and for some time in the direction of the length of the

canal, inclined, and sometimes so much so as to impede the navigation. The
Dutch have utilized this fact, so inconvenient to others, for, though it may seem

almost incredible, the surface of Lake Haarlem was observed, when the wind,

generally south-west, blew strongly for some time in the direction of its length,

to have a difference of level ofupwards of 3 feet, the northern extremity being that

much higher than the southern: it is easy to perceive how powerfully this aids

the discharge through those sluices towards which the wind impels the waters.

A south-west wind not only raises the Lake against the northern sluices, but

lowers the surface of the Zuyder Zee, depressing its waters outside the same

points by the operation of the same cause, and thus doubling the beneficial

effect on the discharge of the waters of the basin of the Rynland.

3o2
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It is true, the sea is raised at Katwyck sluices, but here the rise and fall

of the tide is so much greater than in the Zuyder Zee that, unless in great

storms, these always have some discharge at every low water. The action of

the tides is irregular, and almost disappears on the northern part when the winds

are high. If, then, Lake Haarlem be laid dry, it is evident this mode of lower-

ing the basin of the Eynland must cease, and that too, at a time when, from the

diminution of the area of the basin, which I have mentioned, the position of the

district had become more critical. We may now more readily understand how

it was that so many different projects were put forward, and such a length of

time elapsed, before this work, which seemed in different ways to compromise

the safety of the rest of the Eynland, was finally undertaken. It was under

consideration for 200 years ; fifteen different projects having been mooted in

that time. It was, however, in a manner forced upon the Government by the

dangers arising from so vast a body of internal water, surrounded by shores of

such yielding material as peat.

The fresh-water lakes of Holland, although seemingly so sluggish and inert,

yet contain within themselves a principle of increase: most frequently formed

by the cutting away of turf for the purpose of fuel, and separated from each

other by narrow intervening banks ; a storm arising, drives the waters with

fury against the too yielding bank—this soon disappears, and the area of the

united waters falls with increased power upon the next opposing mass, which

in its turn gives way, and after some years a large and dangerous expanse of

waters is seen, which can only be restrained from further injury hy expensive

works. It was thus that Lake Haarlem, which in 1531 consisted of four small

contiguous lakes, was gradually formed ; the boundaries of these are given in the

map, Fig. 1, Plate X., with the several dates upon the lines showing the then

boimdaries of the waters. It was only by lofty and expensive dykes along

the eastern shore, and an expenditure of about £5000 a year in repairs, that

it was prevented joining the Lakes of Aalsmeer, and finally attacking Amster-

dam itself

On the 9th of November, 1836, a violent storm from the south-west forced

the waters over the dykes, and flooded all the lands up to the gates of Amster-

dam, causing great destruction of property; and, on the following Christmas

Day, an equally violent gale from the opposite quarter drove the waters over



IIYDKAULII

JLa

^V WOERDEN



JI A P
i>y THE

IIYDK AULI C ADMIN I S TRA'l" ION,
OF 1/u:

/jirlii^mf, Ihe, lli,*s n,,- Ihe Drainage d

Jffkt^SthxnkdiWMr

SECTION THROUCM SCHINKll POLDER.

Soa/& - 'M/. f?mf w (>nc.^^

LAKE AFTER DRAINAGE,

n ' / '^' x^-' jf' . ^J" /

. -^ >,-/ *••
„ y <»^ ^-^

FIG. 4-.

SECTION f-o« H,»tflV£CE ru SCHItmSl POLDER.

'^"^^^



Mr. Downing on the Drainage of Haarlem Lake. 457

every barrier up to the very streets of Leyden, causing loss of life, of cattle, and

property; nor were the damages repaired for more than a twelvemonth.

The Government now at last resolved to complete the work so long pro-

jected. A Commission was formed to report upon the plan to be followed, and

a credit granted by the States-General. The first of the engineering works of

the drainage were more directly connected with the security of the basin of

the Rynland than with the Lake itself, and consisted in widening and straight-

ening the canal leading to the Katwyck sluice. This canal had been originally

formed (in 1806) about 90 feet wide ; it was now made to be 170, which involved

the lengthening of the bridges, and increasing the number of the inner line of

the sea sluices at Katwyck; the outer line has not been altered. On the north

side, the River Sparn was deepened and improved, and an engine of 200 horse-

power erected to discharge water from the basin into the Y, when the flow

of it outwards was otherwise impossible. Additional sluices were also con-

structed at Halfwege, and quite recently, a second engine of 100 horse-power

has been put up here, like that at Sparndam, which was found insufficient by

itself to keep down the surface of the basin.

The first direct operation of the laying dry the bed of the Lake was (as is

always necessary when gaining new polder land) to completely surround it with

a large and water-tight dyke, to separate it from all other waters of the basin ; in

this lake it was, moreover, required to provide for that inland navigation which

had been hitherto maintained over its waters, and thence up the several chan-

nels leading to all parts of the basin of the Eynland. A navigable canal, called

the Ringvart, was, therefore, directed completely round the Lake, its inner

bank being the surrounding dyke, and the outer formed of the stuff cast out of

the canal bed, which had a width of 140 feet, and depth suited to vessels draw-

ing 8 feet of water, such as were used in the former navigation of the Lake.

Transverse sections of the Ringvart at two different points are shown in

Figs. 3 and 4, Plate X. The length of this canal was about 36 miles.

As to the kind oijMioer to be used in extracting the water, namely, whether

wind or steam, the Commissioners having rejected the idea of using the ancient

windmills of the country, or wind with steam as an auxiliary working the

scoop-wheel shown in the annexed woodcut, adopted the designs of Messrs

Gibbs and Deane, which had been obtained by three of their body, deputed to
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visit England to examine into the working of the far-famed Cornish piimp-

ing-engines. As to the amount oi power to be applied to laying dry the Lake,

an interesting practical problem presents itself. We must, in the first in-

stance, set up a power to lay dry the polder exactly equal to that required

ever after to maintain it in that state. If we apply to the exhausting of the

water a greater power than that required to keep it dry afterwards, we shall

be burthened with the interest upon a too great first cost, and subsequent

maintenance, having thus purchased too dearly the earlier laying dry of the

polder by an expenditure not commensurate with the gain in time. At first

sight it would appear impossible to fulfil the conditions of this problem, and so

indeed it would be, if the power to be employed in permanently Iteeping dry

the land on the bed of the Lake were required to act continuously, as it must

do, in the first instance, in laying it dry. The power required in the engines

must then be obviously equal to the maximum power required to meet the rain-
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fall in some definite period, as, suppose, one month, together with any infiltration

from the external basin.

Observations on the rain-fall of Holland, extending over a period of

ninety-eight years, had shown that the greatest depth of rain in any one

month was 6 -524 inches more than the evaporation for the same period. If

we allow 1-47 inches for infiltration, we have a total depth of 8 inches to be

thrown off the land in one month, and this has to be raised from the level of

the future drains in the polder to that of the water in the Ringvart, a height of

about 16 feet. A simple calculation gives 1087 horse-power as necessary to

effect this in twenty-five working days per month. It was, therefore, resolved

to put up three engines, of 350 horse-power each, and these were located in the

positions shown on the map. From the power thus required to keep dry the

future polder, we may, proceeding in a retrograde order, readily deduce the

time in which the first operation of laying dry the lake may be effected by that

force which we have shown to be necessary to its permanent maintenance,

namely, 1087 liorse-power. The Lake at 13 feet of depth contained about

800,000,000 tons of water, which had to be raised an average of about 6^ feet

of vertical height. "With no delay from accidents, or frost, or from the point

of stopping being reached, this might be effected in about fourteen months.

From avariety ofimforeseen causes it required thirty-nine months; and the weight

of water actually raised was, as indicated by the counters attached to the engines,

upwards of 1,100,000,000 tons. The annexed woodcut, p. 460, shows the rate of

progress in each successive month, and by joining the lowest points in each suc-

cessive year we may perceive how, in each winter season, the rain-fall, with

the absence of evaporation, gained upon the power of the engines ; the general

average lowering of the surface was at the rate of about 4 inches per month
;

every inch in depth upon the surface weighing upwards of 4,000,000 tons, we

may thus form an opinion how prejudicial and expensive such risings must have

been, more especially in the latter months, when it had to be raised nearly the

full depth of the Lake.

The estimated expenditure at the commencement of operations was

£687,500 ; the result, up to the last published account, which includes the full

completion of all the works, was an actual expenditure of £827,200, being an

excess of £139,700.
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The sale of the land will realize about £400,000, and the land-tax of 7s. id.

per acre, being capitalized, represents a nearly equal sum ; moreover, the

annual cost of the eastern dykes, set down at £5000 a year, now ceases, and

in the profit to the State we cannot omit the saving thus effected.

The horizontal hne represents time, each equidistant vertical being separated

a space taken conventionally as equal to one month. The verticals represent

depth from original surface of Lake to surface as lowered at that date, in feet

or metres, according as we use either of the comparative scales given, that on

the left being metres, and on the right, feet. By joining the feet of these verti-

cals we get an irregular line, from which we may obtain the depth pumped out

at any intermediate period.
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VI.

—

On the Degree of the Surface reciprocal to a given one. By the Rev.

George Salmon, Felloiu of Trinity College, Dublin.

Read November 30, 1855.

I.

—

General Theory.

It is my intention in the present memoir to lay before the Academy the ex-

tension and completion of a theory of reciprocal surfaces, the first outlines of

which I published some years ago in the " Cambridge and Dublin Mathema-

tical Journal" (vol. ii. p. 65, and vol. iv. p. 187). I there showed how to cal-

culate the degree of the reciprocal of a surface having an ordinary double line
;

it remains now to show what the degree will be when the surface has likewise a

cuspidal line (that is to say, a double line, the two tangent planes at every point

of which coincide). I purpose next to examine the nature and number of those

singular tangent planes to a surface which give rise to multiple points and lines

on the reciprocal surfoce, and thus to show how it is that the degree of the

reciprocal of that reciprocal coincides with the degree of the original surface.

We shall thus obtain results analogous to the well-known theorems of M.

Plccker for the case of curves. Lastly, I purpose to apply this theory to the

case of developable surfaces, and to show how it is that the degree of the reci-

procal of a developable reduces to nothing. I may mention that the substance

of the present paper was prepared for publication in the year 1 849, though various

causes have prevented its being published until now.

I use the following notation for the following quantities, which will come

under consideration in the discussion of the problems which it is proposed to

investigate, and which may be regarded as the ordinary singularities of sur-

faces :
—

VOL. xxra. 3 p
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Let n denote the order of the surface, that is to say, the number of points

in which an arbitrary line meets it.

n', the class of the surface, that is to say, the number of tangent planes

which can be drawn through an arbitrary right line,

a, the order of the tangent cone, drawn from any point to the surface.

5, the number of its double edges.

A-, the number of its cuspidal edges.

l\ the order of any double curve which may exist on the surface.

k, the number of its apparent double points ; that is to say, the number of

lines which can be drawn from an arbitrary point, twice intersecting the

double curve.

t, the number of triple points on the double curve, which are also triple

points on the surface.

c, the order of any cuspidal curve which may exist on the surface.

h, the number of its apparent double points.

/3, the number of intersections of the double and cuspidal curve which are

stationary points on the latter.

7, the number of intersections which are stationary points on the former.

/, the number of intersections which are singular points on neither.

p, the number of points where the double curve b is met by the curve of

contact a.

<7, the number of points where the cuspidal curve c is met by a.

Let the same letters accented denote the corresponding singularities of the

reciprocal surface.

Having made this preliminary enumeration, I give in the first place the

theory of the reciprocal of a surface of the n"" degree, having no multiple line.

To know the nature of a section of the reciprocal surface, it is only necessary

to know the nature of a tangent cone to the original surface. Having the degree

of this cone, and the number of its double and cuspidal edges, we shall know

at once by M. Plucker's formula3, the characteristics of its reciprocal, namely,

the section of the reciprocal surface.

I investigate the equation of the tangent cone by the method which M. Joa-

CHiMSTAL has given for plane curves ("Crelle," vol. xxxiv. p. 24). Let the

quadriplanar co-ordinates of two points be xyzw, x'y'z'w', then

—
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Xx + fix', Xy + fxy', Xz+fiz', \w + ixw',

- are the co-ordinates of any point on the line joining them. If these values be

substituted for the current co-ordinates in the equation of any surface, the

resulting equation solved for X: fi gives the co-ordinates of the points where

this line meets the surface. If then we form the condition (f>U=0, that this

equation in X:
fj.
should have equal roots, and in it consider xyzw as variable,

it will represent the locus of all points, such that the line joining them to x'y'z'vo'

touches the given surface ; or, in other words, it will be the equation of the

tangent cone whose vertex is x'y'z'w'.

If the equation of the surface be U= 0, the result of this substitution will be

[U] = X°t^+ \"-V A U+ ^p|- /^'U+ &c. = ;

where A denotes the symbol

, d , d , d , d

dx dy " dz dio'

The result of elimination then between ,^ and ,

^
is the equation of the

dX dfx

tangent cone. It will obviously be of the n(n— 1)" degree.

Cuspidal edges on the tangent cone arise when any edge of the cone meets

the surface in three coincident points. \? xyzw be the co-ordinates of the point

of contact, the equation [ fJ] = must in this case be divisible by /x'. The

point must, therefore, be one of the intersections of the three surfaces U— 0,

A U— 0, A^ U=: ; and since these are of the degrees w, n — 1, w — 2, the num-

ber of such points is n(ra— 1) (w — 2).

Double edges on the cone arise when any side touches the surface in two

distinct points. The equation [?7] will in this case have two values of ^ = 0,

and two of the remaining values of jx equal. The co-ordinates then of any point

of contact of a double tangent must satisfy the equations U=0^ AU = 0, and

^U=0, where \jrU is the condition that the equation,

_L x"-' A' U+ -l—^ X"-V ^'U+ &c. = 0,

should have equal roots. ^Uis evidently of the degree (w - 2) (w — 3) in xyzw.

3 p2
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The number, therefore, of points of contact of double tangents is 7i (n-l)

(n-2) (n — S); and the number of double tangents is of course half this. We
have proved, then, that the degree of the tangent cone is n {n — l) ; that it has

.-, 1 , ^ n(n-l) (n-2) (n-3)
, ,, ,

»(n-l) (n-2) cuspidal edges, and ^-^ ^^ double edges.

The degree of its reciprocal, then, is, by M. Pluckee's formula,

n(n-l)]n(n-l)-l\-Sn(n-l) (n-2)-n(n-l) (n-2)(n-3)
= n(n-iy-.

And since the degree of the reciprocal surface is the same as the degree of a

plane section of it, we have in general n' =n (n— 1)^

Let us now proceed to the case where the given surface has multiple lines.

It appears by the same reasoning as for plane curves, that every line joining the

point x'y'z'w' to any point of a multiple line must be regarded as, in one sense,

a tangent line to the surface : and that tlie cone determined by the equation

<(>U= includes doubly the cone standing on the double curve b, and trebly

the cone standing on the cuspidal curve c If then a be the degree of the tan-

gent cone proper, we have

n(n-l) = a + 2b + 3c.

To find the multiple edges of the tangent cone, we have, as before, to exa-

mine the points where the line of contact meets the two surfaces A^ U, and -f U.

But the line of contact now consists of the complex line a+2b + 3c, and the

points where b and c meet A'U and -ft/" are plainly irrelevant to the question.

Neither shall we have cuspidal or double edges answering to all the points where

a meets these surfaces : since, if for example, any side of the cone a be also a

side of the cone b, this must be considered as a double edge of the complex

cone, although not a double line either on a or b. And any line passing through

an intersection of the curves a and c must be considered as a cuspidal edge of

the complex cone, although not so on either of the cones considered sepa-

rately.

The following formulaj will be found to contain an analysis of the intersec-

tions of each of the curves a, b, c with the surface A'U. The signification of

the letters employed has been already explained :

—
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a (?? — 2) = A•+ p +'2a,

b {n-2)= /» + 2fi+37 + 3/f, (A)

c (?i-2) = 2o- + 4/3+ 7.

I am not prepared to give a satisfactory explanation a priori of the numerical

coefficients in these formulas. I have obtained them by induction from an exa-

mination of a variety of particular surfaces. In particular, the surface which

is the reciprocal of a surface of the third degree, and whose singularities can,

without difficulty, be determined, furnished all the formulas except the coeffi-

cient of 7, there being no points 7 on this surface.

We derive, then, from these equations (A),

K={a-h-c) (n -2) 4-6/3-1- 47-}- 3<.

But since, if the surface had no multiple lines, the number of cuspidal edges in

the tangent cone would be {a + 1b + 3c) (n - 2), the diminution in these caused

by the double lines is

(3i-|-46') (w-2)-6/3-47-3<.

Next, to find the number of double edges in the cone a. I use the symbol

[a6] to denote the ntimber of apparent intersections of a and b, that is to say,

the number of points where these two lines, seen from any point of space, appear

to intersect, though they do not actually do so. The following formulas, then,

contain an analysis of the intersections of a, 6, c with ^U

:

a (n - 2) (w - 3) = 28 -f 3 [ac] -f 2 [aJ],

i.(n-2) (w-3) = 4^--f- [ai]-f3[k], (B)

c{n-2){n-Z) = &h+ [ac] + 2[hc].

Hence,

28 = (a-2i-3c) ((i-2) (»^ - 3) -f SA-f 18A -f 12[6c].

But the number of apparent intersections of two curves is at once deduced

from the number of their actual intersections. For if cones be described hav-

ing a common vertex, and standing on the two curves, the common sides of

these cones must answer either to apparent or actual intersections. Hence,
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[aU] — ab — lp

[ac] = ac — 3(7 (C)

{he ] :::. ic - 3/3 - 27 - l*

Substituting this value for [6c], we have

2c = (a-26-3c) (n-2) (?i-3) + 8A + 18A + 126c-36/3-247-12J,

and since, if the curve had no multiple lines, twice the number of double edges

in the tangent cone would be (a + 26+ 3c) («-2) (w-3) ; the diminution in

28, caused by the double lines, is

(4/j + 6c) (w-2) (?i-3)-8i-18A-126c + 36^ + 247+12i.

By the help of the equations (C), the equations (B) may be written in the fol-

lowing form, which is sometimes more convenient:

a{n-2) (n-3) = 28 + 2a6 + 3ac-4^-9<7,

6(n-2) (n-3) = 4^+ a6 + 36c-9/3-67-3i-2p, (D)

c(k-2) (n-3) = 6A+ ac + 26c - 6/3 - 47 - 2z - 3<7.

It is easy now to find the efiFect of the lines 6 and c on the degree of the reci-

procal surface. If the degree of a cone diminish from m to m — I, that of its

reciprocal will diminish from rn {m — 1) to (m -I) (m — Z— 1) ; that is to say,

will diminish hy l{2rn — l-l). In the present case m = n^ — n, and Z = 26 + 3c.

The diminution then in the degree of the reciprocal, arising from the diminu-

tion in the degree of the tangent cone, is

(26 + 3c) (2n2-2w-26-3c-l).

We must subtract from this three times the diminution in the number ofcusps,

together with twice the diminution in the number of double edges, and we find,

for the total diminution of the degree of the reciprocal surface,

* It is proper to observe, that if the surface have a nodal curve (6), but no cuspidal curve,

there will still be a determinate number i of cuspidal points on the nodal curve, and the equation

given will receive the modification [a6] = ab-2p- i. As, however, the quantity [nJ] is eliminated

from the equations in finding the diminution in the degree of the reciprocal surface, the ultimate

result is not affected.

I
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(2^ + 3c) (2n^-2?z-26-3c-l)-3(3i + 4c) (re-2) + 18^+ I27+ 9<

-(46 + 6c) (n-2) (n-3) + 8^ + 18/t-36/3-247-12t'+126c.

that is to say,

= n (76 + 12c) - W- - ^c" - 86- 15c + 8i-+ 18/« - 18/3- I27- 12f+ 9^

As a first verification of the preceding formulae, we take the case where the

surface is a complex one made up of several others. In this case the complex

surface must be considered as having for a double line (in addition to whatever

double lines the surfaces may have, considered separately) the aggregate of the

curves of intersection of each pair of surfaces, on which every point of intersec-

tion of three surfaces will be a triple point. The effect of this double line must

be to reduce the degree of the reciprocal of the complex surface to the sum of

the degrees of the reciprocals of the simple surfaces.

We shall then have

71= 2^1 ; 6 = 261 + 271,712; c=2cr,

A = 2/11 + 2c,C2
; /3 = 2|3,; 7 = 27, + 20,71^

;

< = 2^1 + 271,712723 + 26i?!2

;

i - 2/,

;

p = 2/), + 2a,722 j " = 2<7,

;

>fc = 2A,+2 ^'^''^^'7^)^"--^) + 26.62

4- 2?i, 2tt,ri2723 - 327J,W27i3 + 26i2?j,?i3 — 226i7Z2

;

and on substituting these values the equations (A) and (D) are satisfied iden-

tically, and the reduction in the degi-ee of the reciprocal surface, caused by the

curves of intersection of the simple surfaces, is

3271,^712 + 62n,n2«3 - 2271,712
;

but this is just the difierence between

(2?z,)'-2(2?2,)' + (27i,) and 2 (?«,'- 2?z,= -|-?z,).

II.

—

Developable Surfaces.

I come now to the application of the preceding theory to the case of deve-

lopable surfaces. I use with respect to these surfaces the notation employed

by Mr. Cayley ("Liouville," vol. x. p. 245 ;
" Cambridge and Dublin Mathe-

matical Journal," vol. v. p 18). The degree of the developable surface is r.
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It has a cuspidal line of the degree m, and an ordinary double line of the

degree a;. The simple line of contact (a) consists ofw right lines. Each of

those right lines meets the edge of regression once, and the line x in r - 4

points (see "Cambridge and Dublin Mathematical Journal," vol. v. p. 25).

The lines m and x intersect at the a points, which are the points of contact of

stationary planes of the system ; for, since there three consecutive lines of the

system lie in the same plane, the intersection of the first and third of these

must belong to the line .r, which is the locus of the points on two consecutive

lines of the system.* The tangent cone to the developable breaks up into n
«

f
« 1 ^

planes ; it has, therefore, no cuspidal lines, and —^ij—^ double lines.

We have then the following table. The letters on the left-hand side of the

equation refer to the notation of the preceding theory ; the letters on the right-

hand to the notation in the papers on developable surfaces just referred to:

n = r, a = n, b = x, c = ot, /) = n(;'-4), a = n, k = 0, p = j3, h = h, i = a,

and the quantities t, 7, k remain to be determined by the present theory. On

substituting these values in the equation (A) and (D), we obtain the following

system of equations :

—

ti(r-2)=n\2 + (r-4:)],

X (?--2) = n(?--4) + 2/3-t-37 + 3i,

m(r-2) = 2?z-f 4/3-f 7, (E)

n{r-'2) (r-3) = 7t|(n- l)-t-2.T-l- 3m - 4 (r- 4) - 9|,

X (r-2) (r-3) = 4/;-^Mar-f3ma--9j3-67-3a-2?2(7--4),

m (r - 2) (r - 3) = 6^ H- mn + 2mx - 6/3 - 47 - 2a - 3n.

The first of these equations is verified immediately, and the fourth by the help

of the equation given by Mr. Cayley (" Cambridge and Dublin Mathematical

Journal," vol. v. p. 21),

2x + 3m + n = r(r- 1).

We may determine 7 either from the third or from the sixth equation. That

* It was the consideration of this case which led me to include in the preceding theory the

points I, of wliich I have never happened to meet with any other instance.
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the results derived from both are identical, appears on eliminating 7 between

these equations, when we have

m (r^ -r) = 6h+ mn + 2mx + 10/3 - 2a + 5n + 2m,

an equation which that just given reduces to

6/t - Zni' + 10/3 - 2a + 5w + 2m = 0.

And this equation is immediately verified by adding the two given in Mr. Cay-

ley's memoir just cited,

6/j + 8i3 + ?i = 3w(m-2), 2(j3-a) = 4 {m-n).

It appears then, that of the six equations (E), three may be verified by the

theory of developable surfaces already known, while the remaining three deter-

mine the three quantities, t, the number of " points on three lines" of the system,

7, the number of points of the system through which pass another non-conse-

cutive line of the system, and k the number of apparent double points on the

nodal line of the developable. It is obvious that the corresponding reciprocal

singularities may be determined in like manner, that is to say, the number of

" planes through three lines," &c.

It is possible to verify the value just found for 7 by investigating this quan-

tity directl}'* in the ca^e where the edge of regression of the developable is the

intersection of two surfaces U and V, the former being supposed to be of the

degree k, and the latter of the degree I. The points where the line joining two

given points meets each of the surfaces is determined, by the method already

given, from the equations,

X'U^ V'-V AZ7-f '^p^^'U^ &c. = 0,

V V + \'-V A V+^^ A^ F-f &c. = ;

but if the line joining the two given points be a line of the system, and xyzw

Its point of contact, we have U= 0, V= 0, AU=0, A V= 0. Introducing these

values, and eliminating \, /i, between the equations, we shall have the condition

* The method of investigation employed is the same as that ty which Mr. Catlet has deter-

mined the number of points of infle,xion and double tangents of plane curves, of which I have else-

where given an account.—(" Higher Plane Curves," pp. 77, 86.)

VOL. xxm. 3 Q
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that the given line should meet the curve U V again. This condition will be of

the degree {k— 2) {I — 2) in wyzw, and of the degree Ik — i in x'y'z'io' . But

since this condition must be satisfied for every point of the given line, if we

eliminate a;'?/'j'z^' between it, the two equations of the right line, A£/'=0,

AF= 0, and the equation of an arbitrary plane, ox + /3y + 7Z + 5ii) = 0, we

shall have a result which will be of the form

n {ax + /3y + 7^ + 8u;)'*^.

n will then be of the degree

{k - 2) (Z - 2) + (Ik _ 4) (A + Z - 3),

and the intersections of the surface represented by n = with TJ., V will give

the points 7. If then we write kl = q, k + l =p, the number of points 7 will be

q (pq -2q-Qp + 16).

But I have shown (" Cambridge and Dublin Mathematical Journal," vol. v.

p. 32) that in the same case

m = q, n = 3q(p-3), r = q (p - 2), /3 = 0,

by the help of which values the equation

m (r - 2) = 2n + 4/3 + 7

is satisfied identically. The case of developable surfaces, thus examined,

proves, I think, that the numerical coefficients in at least the first and third of

equations (A) and (D) have been rightly determined. It is scarcely necessary

to observe, that the singularities here noticed may be sometimes replaced by

others of a higher order. For example, the developable, whose edge of re-

gression is the line of intersection of two sui'faces of the second degree, has no

" point on three lines," but has, instead, four " points on four lines."

As a further illustration of the theory of developable surfaces, I take the case

of the developable which is the envelope of the variable plane

At'^+ fxBt'^-' + ''-^^^ Ct^-' + &c. = 0,

where t is a variable parameter.

This surface has been elsewhere discussed (" Cambridge and Dublin Ma-

thematical Journal," vol. iii. p. 169 ; vol. v. pp. 46, 152). Its characteristics I

have there stated to be

—

i
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1

m = 3(^-2), n = ^, r = 2(^-l), a = 0, ^^ = 4(;. - 3), </= i (/"- D (m- 2),

/, = i(V-53/. + 80), .^ = 2(^-2) (m-3), ;/ = 2(^,^-1) (/.-3).

On substituting, then, these values in equations (E), we find

7= 6(^-3) (,.-4); 3? = 4(^-3)(^-4)(;.-5);

k^{^i-Z) (2/i'-18/iH57;u-65).

These values may be considered as so far verifying the preceding equations,

insomuch as it is evident, a priori., that points 7 cannot exist when ^u is less than

5, nor points t when n is less than 6. I may add, that I have calcidated inde-

pendently the order of the conditions that the equations

At''-' + (^ _ 1) Bf'-' + &c. = 0, ^f"-' + (/i - 1 ) Ci"-' + &c. = 0,

should have three common factors, and found the result

(2/i-4) (2/i-5) (2m -6)
1.2.3

But this is exactly the sum of the numbers §, 7, t I have similarly examined,

by an independent method, the number of apparent double points in the curve

represented by the conditions that the two equations just written should have

two common roots, and found the resiUt

C)u - 2) (2m - 3) {2,1 - 5) (3m - 7)

1.2.3

Now, since these conditions represent as well the cuspidal curve as the nodal

curve X of the developable, the number of apparent double points in the com-

plex curve should be h + k-\- {mx — 3/3 - 27 - a) ; the latter number being

that already found as representing the number of apparent common points of

the cuspidal and nodal curve. On proceeding, however, toi substitute the

values already found for h, k, &c., we find I

(m-2)(2m-3)(2m-5)(3m-7) , ,,. . ^ .. „ , . ^^—
J—

2—

3

=^n + /c+{Tnx-S^- 2y - a) + p + y + t,

instead of being
= h + k+ (mx _ 3/3 - 27 - a).

3 Q 2
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It is, I think, plain that we are not to attempt to reconcile these equations by

supposing the value here given for k to be erroneous ; but rather by considering

that the method of verification employed by me gave me the actual, as well as

the apparent, double points of the complex curve.

The values of 7', t', k' for the reciprocal system are found in like manner-

—

y=2(M-2)(M-3); 3<^:=4(;u-2)(m-3)(/x-4);

Ik' = (a*
- 3) (V - 31/^= + 77/x - 62).

III.

—

Singularities of the Reciprocal Surface.

We proceed next to determine the values of the quantities p, a, &c., for the

reciprocal of a given surface ; to verify that these values, substituted in the

equations (A) and (D), will satisfy them, and thus to show that the reciprocal

of the reciprocal will reduce to the degree of the given surface. We shall en-

deavour to determine directly as many of these singularities as we can, but we

are obliged to limit ourselves to the case where the original surface has no

multiple points or lines. We have seen that in this case the tangent cone

drawn to the original surface from an arbitrary point is of the degree n {n — 1 ),

having n{n — 1) (?z — 2) cuspidal lines, and ^-^j

—

^—^ double hnes.

The reciprocal of this will be the section of the reciprocal surface by an arbi-

trary plane. Its degree will be

?i=^n(n-l) \n{n-l)-\\-Zn{n-l) {n-2)-n{n-l) (n-2)(?i-3)

= n{n-iy.

The number of cusps in the section of the reciprocal surface, found by the or-

dinary rule is

3n(n-l) jn(n-l)-2! -^n{n-\) (n-2) - 3?i(«- 1) (n-2) (n-3)
- in{n- 1) {n- 2).

Since, then, any section of the reciprocal surface has this number of cusps, we

learn that the reciprocal surface has a cuspidal line whose degree is

c' = 4n{n — 1) {n - 2).
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In like manner twice the number of double points in a section of the reciprocal

surface is

n(n-l)^jw(n-l)^-lj-n(n-l)-12n(n-l) (n-2)
= n{n-l) (n-2) (n' -«' + n - 12).

Hence, then, by the same reasoning, the reciprocal surface has a double line

whose degree is

lb' = n{n - 1) {n - 2) (n' - n"" + ?i - 12).

The importance of these results justifies us in giving another and more

direct investigation of them. To every double or stationary point on the reci-

procal surface corresponds a double or stationary tangent plane on the original

surface. Let us then investigate directly the conditions fulfilled by the point

of contact of a double tangent plane to a given surface. We investigate these

by the same method by which we investigated the condition that a line should

touch a surface. If the co-ordinates of three points be a\yxZxWi., ^'ii/iZiW,, xyzic,

then those of any point on the plane through the three points will be

Xx 'r fiXi -V va'2, Xy + fxyi + vy^, 7^ -V ixz^ + vz-^, Xiv + fxwi -1- viCi ; and if we

substitute these values for xyzw in the equation of the surface, we shall have

the relation which must be satisfied for every point where this plane meets the

surface. Let the result of this substitution be [t/^] = ; it may be written

—

\"t/+ \"-VA,f7-t- V-VAaC/'-f^ (/xAi -f vAif U + &C.,

where

/ d d d d\ d d d d
^^ = [''^Tx^y'Ty^''Tz-^'"^d^} ''^=''^Tx^y'Ty^''dz^'''-'Tw

Now since the tangent plane to a surface always meets it in a section having a

double point, the condition that the plane joining the three given points should

touch the surface, is found by eliminating X, ^, v between

dUJ]_ d[lJ]_ d[U]_
dX ~ ' dfX ~ ' du

~^'

or, in other words, the discriminant of the equation [U]. If we suppose two

of the points fixed, and consider the third to be variable, then the condition so

found will be the equation of the tangent planes to the surface, which can be
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drawn through the line joining the two fixed points. We shall suppose the

point xyzw to be on the surface, and the point .TiT/iZiWj to be taken anywhere

on the tangent plane at that point ; then we shall have U= 0, AiU — 0, and

the discriminant will become divisible by the square of A^U. For plainly, of

the tangent planes, which can be drawn to a surface through any tangent line

to that surface, two will coincide with the tangent plane at the point of contact

of that line. If the tangent plane at wyziv be a double tangent plane, then the

discriminant will be divisible by the cube of Aj U. If we write, for brevity,

Ai^U= A, A,A2U=B, A.^U= C, so as to make the coefficient of \"-^ in [^7]

to be written Afr + 2Bij.p + Cv^, then I say that the coefficient of the square of

Aa^Jin the discriminant of [f7] is

A(B'-ACyc=i,

where a is the discriminant of the equation when U = 0, AiU^O, A2f'^= 0.

I have verified this in the case of the equation of the third degree, and I feel

that I am safe in asserting it to be true in general. In order, then, that the

discriminant should be divisible by the cube of A2U, some one of these fiictors

must either vanish or be divisible by A2U.

First, then, let A =: 0, or Ai^U = 0. This will be the case if the point

x'y'z'w' be taken on either of the lines which can be drawn through xyzw so

as to meet the surface in three consecutive points. We shall suppose, however,

that the point x'y'z'w' has not been so assumed, and then, as A does not con-

tain x^y^z-iuo^^ this factor may be set aside as irrelevant to the present dis-

cussion.

Secondly, let B- — AC be divisible by Aj U. Let it be required to find

the condition to be satisfied by the point xijzw in order that this should be the

case. Now '\{ B^ — AC contain A2 ?7 as a factor, any arbitrary right line which

meets the plane* Ajf/, will meetiJ^ — ^C; and, therefore, if we ehminate

x^y^ZiW^ between these two equations and those of an arbitrary right line

—

ax + by + cz + dw = 0, alx + Vy + c'z -(- dw — 0,

the result of elimination, i? = 0, must be satisfied identically. This resultant

will be of the second degree in abed and in a'b'c'd' ; of the second, in x'y'z'w',

and of the 4?z — G" in xyzw.

* N. B.

—

x-.y!Z2Wi is here considered as variable; t^iw, as fi.xed.
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Now since the discriminant of [L'^] in general represents a number of

planes passing through the line joining the points .xyzw, x'y'z'vd ; this line will

be a multiple line in the locus represented by that equation. And in the pre-

sent case, where xijxw satisfies the equation of the surface, and x'y'z'w' that of

the tangent plane at the point, it is easy to see that this line is a double line

on B- — AC, and a multiple line of the degree n{n — 1)- — 6 on a

.

If, then, the arbitrary line liad been so assumed as to meet the line joining

xyzw, x'y'z'w', the condition R = would be satisfied even if Aj U were not a

factor in B- — AC. The condition that the two lines should meet {M= 0) will

be of the first degree in abed, a'b'c'd' ; xyzw, x'y'z'w' ; and it is plain that R
must be of the form M-H=0. i7 remains a function of xyziv only, and is of

the 4(?i — 2) degree.

At all points then of the intersection of the surfaces U— 0, //= 0, the tan-

gent plane must be considered as double. H is no other than the Hessian of

the surface, and its intersection with U is the well-known parabolic curve, at

every point of which, I have elsewhere shown (" Cambridge and Dublin Mathe-

matical Journal," vol. iii. p. 4-1), the tangent plane touches the surface in two

consecutive points.

We investigate in precisely the same way the condition that Aj 6'' should be

a factor in a . Eliminating between these two equations and those for an ar-

bitrary line, we obtain a condition of the degree n^ — 2n^ -f w — 6 in abed, in

a'b'c'd', in x'y'zfw', and of the degree n^ — 1n^ + li^ — IZn + 18 in xyzw. But,

as before, this condition must be of the form Jp'-^""*"-* /— o. /, then, is a

function of xyzw only, and is of the (n — 2) (n^ —«--<- n — 12) degree. We
learn hence that all the points of a surfxce whose tangent planes touch it also

at a second distinct point, lie on the intersection of the surface U with the sur-

face /= 0, which is of the {n—2) (n' — li' -f n — 12) degree.

It is easy now to deduce hence the degree of the cuspidal and nodal curves

on the reciprocal surface. To every point on the cuspidal curve will correspond

a double tangent plane touching the original surface somewhere on the curve

UH ; and to every point on the nodal curve will correspond a plane touching

somewhere on the curve UJ. The points where an arbitrary plane meets the

multiple curves on the reciprocal surface correspond to the planes which can be

drawn through an arbitrary point, whose points of contact lie on H or /. And
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since tlie curve of contact of planes passing through a fixed point is of tlie

n{n— \y' degree, the number of points in which this curve meets //^and i/ will

be 4?i(n — 1) (n — 2) and n{n - 1) (n — 2) (?2'— n^ + n — 12); a result per-

fectly agreeing with that which we otherwise obtained in the beginning of this

section.

"We next proceed to determine p and a\ the number of points in which the

line of simple contact to the reciprocal surface meets its double and cuspidal

curves. This is obviously equal to the number of double or stationary tangent

planes which tonch the given surface along an arbitrary plane section, and is

therefore equal to the number of points where an arbitrary plane meets UH
and UJ. Hence we have

p' = n{n-i) (n' - n^ + n - 12), a' = 4?i(w - 2).

The number of points {b'c') on the reciprocal surface plainly is equal to the

number of points of intersection of the surfaces U, H, J; hence

{h'c') = in{n-2f (n'-7i' + n- 12).

Now of these points (b'c') a certain number will be stationary points [^ on the

curve c'. These correspond to the case where the same tangent plane touches

the surface along two consecutive points of the parabolic curve. But I have

proved already (see " Carnbridge and Dublin Mathematical Journal," vol. iii.

p. 44) that this will happen when at such a point a line can be drawn to meet

the surface in four consecutive points; and also (see "Cambridge and Dublin

Mathematical Journal," vol. iv. p. 260), that all such points lie on a surface S

of the degree llw — 24. The curve US touches the parabolic curve UH.

Hence the number of points in which U, S, H, intersect gives

^' = 2n{7i-2) (llw-24).

Every other point (b'c' ) will be a point 7', that is to say, a stationary point on

the curve b'. For such a point corresponds to a plane which touches the origi-

nal sm-face at one point on the parabolic curve, at another on UJ. But from the

mere fact of the plane's touching at a point of the parabolic curve, it is a double

tangent plane: it must then, in two ways, belong to the system which touches

along the curve UJ ; or, in other words, it must be a stationary plane of that

system. - Hence,

y = (b'c') - 2^' = 4n(?i - 2) [n - 3) (n' + %n - 16).
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It is also possible to determine a priori the number of apparent double points

h' belonging to the curve c'. For we can determine the rank of that system
;

or, in other words, the degree of the reciprocal developable. Two consecutive

planes which touch along the parabolic curve intersect in the line which meets

the surface along three consecutive points.

Now suppose it were required to determine the degree of the surface gene-

rated by the lines which can be drawn to meet U in three consecutive points

along any curve UV, where V is of the js"" degree ; this is done by eliminating

between

and the result is of the degree np(3n — 4).

But in the present case |> = 4 (n — 2) ; and since the two lines which meet

in three consecutive points coincide along every point of UH, this result must

be a perfect square. Hence

r'^2n(n-2) (3n - 4),

and

2h' = c" -c' -r' -Z^ = n{n - 2) {
16w* - 64?i' + SOn^ - 108n + 156;.

These are the only singularities of the reciprocal surface which I have been

able to determine a priori, except the number of cusps and double lines on the

tangent curve proper to the reciprocal surface ; these follow immediately from

the consideration that this line is the reciprocal to a plane section of the origi-

nal surface, supposed to be of the n"" degree, and having no multiple points.

Hence
K' = Zn{n-2); 28' = n(n- 2) (w^ - 9).

For the sake of convenience, we assemble into a table the results already

obtained

—

n' = n{n — 1)-.

a' = n{n-\); 2t'=:n(?z-l) (ra-2) (w'-?i^ + ra- 12); c' = 4n(w- 1) (n-2);

p' = n{n - 2) (Ji' - n^ + n- 12) ; a = in{n - 2) ;

k' = 3n(n - 2) ; 2c'=n{n - 2) (w^ - 9) ;

!' = 0, p'=2n{n-2) (nn-24:), y' = in(n-2) (n- 3) (n^ + 3n-lG)
;

2h' = n{n - 2) (16n^ - 64?i' + 80n^ - 108n + 156).

VOL. xxin. 3 R
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Substituting these values in the equations (A) and (D), we obtain the follow-

ing system of equations, remembering that n' — 2 = (71 — 2) (n' + 1), we have

n(?i-l) (ra-2) {n'+l) = 3n{n-2)+n{n-2) {71' - n' + n - 12)

+ 8n(n-2),

n (71-1) {71 -2)
^'-'^' + "-^^ („_ 2) (n' + 1) = 71 {71 -2) (n' - n^ + n - 12)

+ in{n-2) (1171-24:) + 12n (71-2) (n-3) (71' + 37i - 16) + 3t'

,

i)i(7i-l) (n-2Y (m2+1) = 8w(w- 2) + 871(71-2) (llw-24) "

+ 4n(n-2) («-3) (w'+3n- 16),

n(7i-l) (n-2) (n-+l) (71^-211^ +71-?,) =71 (71 -2) (n^-9)

+ n-(?i-l)^ (71-2) (n^-7i'' + 7i-12)-\-12n^(7i-iy (7i-2)

- 4w (71 - 2) (7f - 71- + 71- 12) - 36n (w - 2),

n(n-l) (n-2)^^^
?^

(m - 2) (?r-+l) (7i'-27i' + n-3)

= ik' + ire- (71 -1)' (71-2) (71' -n^ + 7i-12)

+ 67i^n-iy (71-2)- (71' -n- + 7i-12)-187i(7^ -2) (1171-24)

-24n(7i-2)(7i-8) (?i' + 3re-16)

-2?i(n-2) (71' -71- + 71-12),

47l(n-l)(7l-2)'(7l''+l)(7l'-27l' + 7l-3)

= S7i(n-2) (16n*-64n'+80?2'-108w+156),

+ i7i'(7i-l)- (7i-2) + 4n'(7i-l)' (n-2y (n'-?i- + ?i- 12)

-12re(n-2) (llw-24),

-16w(?i-2) (n-3) (n' + 3n-l(3)-12n(7i-2).

On examining these equations it will be found that four of them are satis-

fied identically, while the remaining two give the values,

Qt' =n(n-2) (w'-4re''+7re'-45?zH114re^-lllw= 4-54871- 960)

8k' = n(7i - 2) (71'" - 67*^ + l&n" - 54n' + 1647i«-288re=-l-547?i*- 1058?i'

+ 106872^- 121471+1464).

It would be desh-able to test these results by obtaining the number of triple

tangent planes to a surface of the ?i"' degree by a different process. I have

endeavoured to determine this number by the same method by which we deter-
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mined the nature of the curve of contact of double tangent planes to the sur-

face. By this method it would be necessary to examine when the coefEcient

of the cube of A^U in the discriminant of [f/] (which is of the form

E {B^ — AC) -^-Fa ), vanishes, or becomes divisible by A^U. I have not suc-

ceeded, however, in deriving the theory of triple tangent planes in tliis way.

POSTSCRIPT—(Added Jan. 5, 1857.)

An interesting application of the preceding theory may be made to the class

of ruled surfaces, which is obtained by eliminating t between the equations

Af-\- Br' + Ct°'' &c. = 0, A'e + B't'-' + C't"'' + &c. = 0,

where A, B, &c., are functions of the co-ordinates of the first degree.

Mr. Cayley has proved (" Cambridge and Dublin Mathematical Journal,"

vol. vii. p. 171) that the reciprocal of every ruled surface is a surface of the

same degree. In fact, since every tangent plane contains a generating right

line, the number of tangent planes which can be drawn through an arbitrary

right line is the same as the number of generating right lines which meet the

arbitrary right line. Now if a + b = /x, tlie degree of the surface we are now

studying is fx, and it is proved by the methods which I have employed (" Quar.

Jour, of Mathematics," vol. i. p. 252) that the surface contains a double line

„, ,
(/.-l)(|u-2) ... , (/i-2) (/i-3) (m-4)

of the degree ^^ ^^ '
' °^ which there are ^^ ^ \^ —^—5^^- -''

triple points. The number of apparent double points of this line investigated

, , .1 ;, /(m-1) (^-2) (/x-3) (3^1-8) ^ ^,by the same methods came out ^^= '—^—j

—

~^—

.

-, but I have

reason to believe (see p. 471) that this number includes the triple points
;

wherefore, subtracting theirnumber, as previouslydetermined, wehave remaining

^J^ '--^—
n \ for the true number of apparent double points.

And it will be found that these values agree with the two following equations,

derived from equations A and D (p. 465),

(b-a) {n-2) = ?,t-K, {2b - a) {n - 2) (»i - 3) = 8A; - 28
;

3r 2



480 The Eev. George Salmon on the Degree of the

for we have

a = 2(/.-l), 6 = ^^~y^^^~^l ^= 3(m-2), 5 = 2(^- 2) (^-3).

IV.

—

Theory of Higher Multiple Lines.

In order to complete the subject, I give another independent method of

investigating the theory of reciprocal surfaces, which is that which I first em-

ployed (" Cambridge and Dublin Mathematical Journal," vol. ii. p. 66). The

degree of the reciprocal surface, being measured by the number of points in

which an arbitrary line meets that surface, is equal to the number of tangent

planes which can be drawn through an arbitrary line to the original surface.

Now the points of contact of such planes lie on the polar surface of any point

on the arbitrary right line. Take then the polar surfaces of any two points on

the arbitrary line ; then the intersection of these two surfaces of the (n — 1)"

degree with the given surface determines n {n — 1 )^ points. The degree of the

reciprocal of a surface of the n"* degree is therefore n{n — \y. Should the

surface have a double point, this being an ordinary point on each of the two

polar surfaces, will count for two intersections of the three surfaces. A double

point, therefore, diminishes by two the degree of the reciprocal of a surface.

Ex. 1. The surface of the third degree.

has four double points, namely, the four points where three of the planes

x, y, z, w intersect : and the reciprocal, whose equation is of the form

is reduced by the four double points to the fourth degree from the twelfth,

which it otherwise would have been.

Ex.2. A surface of the fourth degree (for example, Fresnel's wave surface)

may have sixteen double points, and in this case the degree of its reciprocal will

be reduced from the thirty-sixth to the fourth.

'^m-
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If the tangent cone at the double point break up into two planes, then, such

a double point diminishes the degree of the reciprocal by three ; since the two

polar surfaces both touch the line of intersection of the two planes, which passes

through three consecutive points of the given surface. Should the two planes

coincide, the degree of the reciprocal will be diminished by six.

It remains to trace by this method the effect of a double or other multiple

line in depressing the degree of the reciprocal. In this case each of the polar

surfaces will pass through the line in question, and we are led to the problem,

" Three surfaces have common a certain line,—in how many other points do

they intersect ?" It will be convenient to commence with the case when the

multiple line is a right line.

Before we discuss this problem, however, it is useful to examine carefully

the nature of the intersection of the curve of simple contact with the double

line. If a surface have a double line, the tangent cone to it from any point con-

sists of the plane containing the point and the double line (reckoned twice),

and of the cone of simple contact whose degree is n- — n — 1. If now we con-

sider the intersection of this latter cone by the plane in question, it is evident

that (?i — 2) {n— 3) of the lines of intersection are the tangents from the point

to the curve (of degree n — 2), in which the plane cuts the given surface
; and

before investigation it was natural to think that the remaining 4 (w — 2) lines

must be the lines (reckoned four times) to the (n — 2) points, where the double

line meets this curve. Let, however, the equation of a surface containing a

double line be
Ax- + Bxy + Cy- + Dy^ + &c. =

(where A,B, C are functions of the co-ordinates of the degree n — 2), then the

discriminant of this equation, with regard to ?/, may represent any tangent cone

to the surface, since the plane y is arbitrary. This discriminant will contain x^

as a factor, and if we divide by x^, and then make x = 0, the remainder will

be (B^ — 4AC) C^<f), where is the discriminant of the equation

C+Dy + &c.^ 0.

This proves that the section of the simple tangent cone by the plane a consists

of the lines which touch the plane section, of the lines (reckoned twice) to the

points where this section is met by the double line, and besides of lines to what
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I have called the cuspidal points on the double line (see " Cambridge and Dub-

lin Mathematical Journal," vol. ii. p. 72), viz., the points at which the two tan-

gent planes to the surface coincide ; for these points are determined by the

condition B- = 4J. C* It will be found, in like manner, that if the surface have

a triple right line, there will be on that right line 4 (n — 3) points, at which

two tangent planes coincide, and that the lines to these points are edges of the

cone of simple contact ; and, generally, that if the surface have a right line of

the degree ;? of multiplicity, there will be on that right line 2 (p - 1) {n - f)

points, the lines to which are edges of the cone of simple contact.

We return now to the case of a surface having a double line. Any two

polar surfaces will then pass through that line, and the question is, in how

many points not on that line will they intersect the original surface.

We give first the solution of the question. Three surfaces, whose degrees

are a, h, c, have a right line common,—in how many other points do they in-

tersect ? The intersection of the first two surfaces consists of that line and of

a curve of the degree ah - 1, which latter meets the third surface in c{ah - 1)

points. But a certain number of these points will lie on the right line in

question. In fact, let ^.r -f% = 0, Cx + Dy - 0, represent two surfaces

having a right line in common, and of the degrees a and b respectivel)^ then at

the a + b -2 points, where the right line xy meets the surface AD = BC, the

two surfaces will have the same tangent plane, and therefore (see "Cambridge

and Dublin Mathematical Journal," vol. v. p. 34) this right line will meet the

remaining {ab-l) curve of intersection. Subtracting this number (a + b~2)

from the number c{ab-l) previously found, we learn, that if three surfaces

have a right line common, this will replace a + b+ c -2 of the points of

intersection.

Let us now apply this theory to the case with which we are concerned.

The two polar surfaces intersect in the double right line, and also in a curve of

decree (n — lf — l, which, according to the theory just explained, meets that

right line in 2n — 4 points ; namely, the cuspidal points on the double line.

Since at each of these points the two polar surfaces will touch the original sur-

* It was in the manner given in the text that I was led in the year 1846 to the consideration

of these cuspidal points. It is obvious that this includes a theorem concerning discriminants

which has been since stated by M. Joachimstal.
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face at a point in a double line, each of these points counts for three among the

intersection of the three surfaces. The points then not on the double line in

which the three surfaces intersect is n|(?z— 1)^— 1 j
— 3 x (2m — 4). Or the

double line diminishes the degree of the reciprocal by 7?i — 12, as we proved

otherwise, p. 467. Or again, the intersection of the given surface with one of

the polar surfaces consists of the double line, and of a curve of the degree

n(n — 1) — 2, meeting the right line in 3?i — 6 points. For a surface Ax^ + Bxy
+ Cy' having a double line, meets any other Dx + Ey passing through that line,

in a curve which meets that line in the ot + 26 — 4 points where the line meets

AE^-BDE+CD\ Of the 3?i-6 points, 2w-4 are the cuspidal points, the

remaining n— 2 are the points where the line meets a certain plane section.

And the points of intersection {not on the double line) of the three surfaces

are (?i — 1) jji(n — 1) — 2| — 2(2w — 4) — (ft — 2), as has been already found.

In general, if a surface have a right line of the degree p of multiplicity,

this will be a, (p—1) multiple line on each of the two polar surfaces, which

will intersect besides in a curve of the degree (n — 1)'- — (p — l)-. And the

latter curve will meet the right line in the 2 (p— 1) (n—p) points of special

contact previously noticed. It will, therefore, meet the surface in points not

on the multiple line n\(n-iy — (p—iyi— (p—l)2(p—l) (n—p). The mul-

tiple line, therefore, diminishes the degree of the reciprocal by (3^ + 1) (p — l)n

— 2p(p^-l). Or again, the original surface intersects any polar surface in a

curve of the degree n(n — l)—p(p—l) meeting the right line in the 2 (p—1)
(n—jo) points of special contact, and in n-p other points. And the three

surfaces will intersect in points not on the multiple line,

(n-l)\?i(n-l)-p(p-l)\-p.2(p-l) {n-p)-(p-l) (n-p),

which agrees with the result obtained already.

I next investigate the diminution produced by the multiple line in the

number of cuspidal and double edges of the cone of simple contact.

The cuspidal edges answer, as has been before proved, to the intersections

of the surface with a first and second polar surface ; and the multiple line is

of the degree jo — 2 on the latter surface. I have satisfied myself that the for-

mula for the number of intersections of the three surfaces is,

(n-2)\n(n-l)-p(p-l)\-(p-2) 2(p-\) (n-p)-(p-l) (n-p).
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The diminution, therefore, in the number of cuspidal edges of the cone is,

?,{p-\yn-p{iy-\) (2p-l).

To investigate the diminution of the number of double points: we have

already seen that the cone of simple contact intersects the plane through the

multiple line in three distinct classes of edges, viz. : a, tangents to the plane

section ; ft, lines to the points where the multiple line meets that section; and

c, lines to the points of special contact. Now, I have satisfied myself that the

formula for the intersections of the curve of contact with the curve which

determines the point of contact of double edges of the tangent cone is

(tt-2) (n-i)\n{n-\)-p{p-\)\-p{2y-l)a-2{p-l) {p-2)b

-{p-2)(p-3)c.
Putting in this formula the values

a = (n-p) (n-p-l), l) = n-p, c = 2(p-l) (n-p),

we obtain for twice the reduction in the number of double edges,

2p(p-l)n'-{p-l) {Up-8)n-p(p-l) (p'-9p + 2).

Now since the degree of the tangent cone is reduced from n{7i - I) to n{n- I)

-.p(p-l)^ the degree of its reciprocal is reduced for this reason alone, by

2p{p-l)n'-2p{p-l)n-p{p-l) (p^-p+l).

Subtract from this twice the reduction in the number of double edges, and

three times the reduction in the number of cuspidal edges, and we get the same

value as before for the reduction in the degree of the reciprocal.

I now proceed to examine the effect on the degree of the reciprocal produced

by a multiple curve in general, and commence with the case of a double curve,

which is supposed to be of the degree /x, and rank p (the rank being the degree

of the developable generated by its tangents). The intersection of the two polar

surfaces consists of the curve ju, and of another curve of the degree (n — iy-fj.,

and the question is, in how many points do these two curves intersect. Now,

I say, in general that if two surfaces of degrees wi and n have the curve fx

common, it will intersect the remaining curve of intersection in yu(m+ ?i — 2)— />

points. In fact, we might seek the points on the curve /x where the surfaces

touch, by first finding the locus of points such that the intersection of its polar
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planes, with respect to the two surfaces, shall meet an arbitrary right Hue, aud

this is immediately found to be a surface of the degree (;« + n— 2). Now the

curve IX meets this surface either in points in which the two given surfaces

have common tangent planes, or in the p points, the tangent to fx at which

meets the arbitrary right line.* Hence, in the case we are discussing, the

curve fx intersects the curve (n — 1)- - /j in fx (2n - 4) — /> points. But of

these p are the points the tangents to jx at which meet the arbitrary line

through which we are seeking how many tangent planes can be drawn to the

surface, and the remaining /i ( 2?i — 4 ) — 2/) are cuspidal points. And the formula

lor the intersection of the three surfaces is

nS(/i-l)=-;u|-2/,-3JM(2«-4)-2pi,

or the diminution in the degree of the reciprocal is /^ ( 7n — 1 2 ) — Ap.

The surface is intersected by any polar surface in the curve fx (reckoned

twice), and in a curve w(7i — 1) — 2/i, which meets fx in the cuspidal points,

and in the /x(rt — 2) other points, where the curve meets the second polar

surface.

In like manner, if the curve fx be of the order p of multiplicity on the given

surface, the points c of special contact will be in number

2/i (/*-!) (tt-p) -p{p-'^)p;

the points b will still be /^ {n — p), and the edges a, where the cone of simple

contact intersects the cone standing on the multiple line, will be

fx{n-p) {n-p - 1) - fx{ix- I) p(p- 1) +p(p- I) p.

Hence, proceeding precisely as before, we obtain for the reduction in the de-

gree of the reciprocal,

ix{p - I) {3p + 1)71 - 2p^p(p' - 1) -j/{p - 1) p^

for the reduction in the number of cuspidal edges of the cone of simple contact,

,x\3ip-iyn-p{p-l) (2p-l)\-p{p-l) {p-2)p;

* I owe to Mr. Cayley this demonstration of a theorem, of which I have given a less satis-

factory proof (" Canib. and Dub. Math. Journal," vol. v. p. 35).
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and for twice the reduction in the number of its double edges,

2/ii5(/^-l)7r-/x(p-l) (14p-8)n + Mp(p-l) (8^.-2) -;r(p-l)V^
+p{p-l) (4p-6)/>.

As a verification of this formula, let the surface n consist of p surfaces of

the »i"' degree, all having the same curve fx for their complete intersection, then

jx = iri^, n —jym, p = 2m- (in — I), and the formula for the reduction in the

degree of the reciprocal becomes

m'\p{p-l) {3p + l)m-2p(p'-l)-2p'{p-l) (m-1);

— Pip^— 1 )
™' - 2p(p-l) nr.

But this is the difference between mp{mp - 1)- and mp(p - 1)1

I have endeavoured to apply this theory also to the class of ruled surfaces

which I have considered ("Cambridge and Dublin Mathematical Journal,"

vol. viii. p. 45) generated by a right line resting on three directrices
; and I

have succeeded in verifying the theory in the case where two of the directrices

are right lines. In this case, if the degree of the third directrix be /u, the sur-

face is of the degree 2|U, and each of the right lines are multiples of the degree

fx. Now it is easy to see that the effect of two non-intersecting multiple lines,

in diminishing the degree of the reciprocal, is the sum of their separate effects,

and therefore, putting p = fi,n — 2/i, in the formula already obtained, the degree

of the reciprocal is reduced by 8/x(;u-l), but this is exactly the difference

between 2/i(2/x — 1)- and 2^. It is to be observed, however, that the ruled

surface in question has, as I have proved in the memoir referred to, not only

the two directrices for multiple lines, but has likewise a certain number of

generatrices which are double lines, and it is necessary to show that these have

no effect in depressing the degree of the reciprocal. Let there be \ such lines

;

now it is evident that the degree of the tangent cone is less than it otherwise

could have been by 2\, while I shall show that the number of cuspidal edges

of this cone is less by 6\ than it otherwise would have been. For we have

proved that the number of cuspidal edges is diminished by three times the

number of points where each double line meets the second polar surface, whose

degree is 2/^ — 2 : but since the directrices are multiple lines on that surface of

the degree fx — 2, subtracting twice this number from 2fJt — 2, there remain but
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two points on each of the double lines which affect the number of cuspidal

edges. The number of stationary tangent planes continues = as before ; but

in any cone having no stationary tangent planes, if we diminish the degree of

the cone by any number, and the number of its cuspidal edges by three times

the same number, the degree of its reciprocal is not altered.

I am not able in general to apply this theory to the next simplest class of

ruled surfaces, viz., those generated by a right line resting on one right line and

two curvilinear generatrices of degrees fx, fx respectively. The degree of the

sirrface will be 2/x/i', and the right line will be multiple of the order fi/x, and

the curves of the orders /x', ju, respectively. There will be a double curve of

the degree [at least ?] -, which each generating line meets

in {fx — \) (/i' — 1 )
points. A certain number of generators are also double lines

(see "Cambridge and Dublin Mathematical Journal," vol. viii. p 46). I can

satisfactorily explain the case where
fj.
= fi' =2, but, as I have said, I cannot

completely account for the general case.

I have also examined the ruled surface generated by a right line resting

twice on a given curve of degree ju, and once on a right line. This will have

the curve and right line for multiple lines, and, in addition, a double curve of

the degree [at least ?]
^-^

9 a
— ^ ^^^ satisfactorily account

for the case fx = S, and also when the curve is the intersection of two surfaces

of the second degree ; but I do not know the theory of the general case.

Note.—February 12, 18.^7.—I have just received the " Quarterly Journal

of Mathematics," No. 5, which contains a paper by Professor Schlafli, going

over some of the ground traversed in the present memoir. In particular,

Dr. Schlafli obtains the values given (p. 477) for /, n', b', c', ^, and 7';—of

these I have already published n', c' (" Cambridge and Dublin Mathematical

Journal," vol. iv. p. 188), and given methods which lead to the determi-

nation of J', ^, 7' ("Mathematical Journal," vol iv. pp. 119, 260).
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Dr. ScHLAFLi does not determine the number of triple tangent planes <',

but he gives the following equation,

4.4 + 6t' = n {71 - 2) {?/ - ^n' + In' - 45?i* + USn' - 115n= + SOSti - 912},

where A is the rank of the developable formed by the double tangent planes.

Now A is given by the equation

A=b''--h' - W - 6t' - Sy'
;

and on substituting for these numbers the values already given, we find

A=i7i{n-2) (n-S) {n''+2n-4:),

a value which satisfies Dr. Schlafli's equation. If the arguments by which

he has arrived at it turn out to be well-founded (a point which I have not yet

had time to consider), there seems reason to hope that the theory of reci-

procal surfaces here given will admit of considerable simplification.
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VII.

—

On the Molecular Formation of Crystals. By Robert T. Forstee, A.M.

Read May 14, 1855.

All the theories which have been advanced to account for the phenomena of

crystallization have been, with one exception, but short-lived ; and indeed it

may safely be doubted if any occupy such a position as to entitle them to much

credit.

The subject is one of much interest ; and although the consideration that

so many able minds have failed in the attempt to investigate it may naturally

deter an inquirer, still, the prize is sufficient to persuade him to hazard the

attempt.

I shall first take a short review of the many theories which have been ad-

vanced in explanation of the phenomena, and I trust I shall be able to show

that some were unquestionably faulty, and all undoubtedly and confessedly

deficient.

Passing by the many absurd theories advanced on the subject in ancient

times, the first whom we find deserving of notice is Christian Huygens. In

his celebrated work on Double Refraction he considered the crystals of Iceland

spar to be built up of spheroids, which, by their unequal density, separated the

incident light into two rays. He did not, however, show why the spheroids

are so aggregated.

Such was the germ ofa theory which, in the hands ofWollaston, Brewster,

and Dana, has obtained some status. None of these writers, however, have

taken the smallest account of cleavage, a phenomenon which is certainly the

most remarkable in the whole of crystallography, and which was the origin
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and basis of the theory of Haut. We shall presently prove how his theory

also signally failed.

The theory of Hctgens only applied to the third system ; but the con-

struction of crystals in the first follows as an easy consequence from it. (In

order to avoid error, it is necessary to state that the systems and names made

use of are those of Eose.)

HooKE, in his "Micrographia," advanced a similar hypothesis, except that he

considered the atoms to be spherical—a supposition which would have ac-

counted for forms in the first or regular system, but which would have utterly

failed in case of the third, or rhombohedral, to which he applied it : nor does

he perceive that the molecules, if left to themselves, would not assume a defi-

nite arrangement. He does not seem to consider these spheres as the ultimate

atoms : he says that, having already shown how a fluid will naturally assume

the spherical form, he will proceed to show how these spheres will unite to

form a crystal. His experience, in common with many old writers, seems to

have been confined to crystals of quartz;—in fact, some of them went so far as
'

to think that everything crystallized in virtue of the quartz it contained.

The next who commanded attention was M. Pkeciitl de Brun, whose ideas

were, to a certain extent, the same as those of Hooke, inasmuch as he consi-

dered a fluid to be made up of soft molecules ; but he also considered, that

while the body was undergoing its change of state, they suffered a change

of form ; and that under different degrees of pressure different crystals were

produced.

Dr. WoLLASTON has fully demonstrated that this theory is totally erroneous

in a mathematical point of view. Dr. Wollaston also, in the same article,

which is published in the " Philosophical Transactions," propounded a theory

to account for the formation of the ordinary octahedron and tetrahedron. He

considered the molecules to be simply spheres mutually attracting each other,

and he stated that such molecules will combine, as shown in Fig. 3, and thus

form a tetrahedron. This, liowever, is certainly not the case ;
for if we consi-

der the first spherical atoms which unite to form the crystal, it is evident that

the first four will assume the form shown in Fig. 1; and a fifth atom will attach

itself, as shown in Fig. 2, that being evidently the position of equilibrium ; but

if we examine Fig. 3, we find that any five adjacent spheres occupy such posi-
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tions as shown in Fig. 4, or such as shown in Fig. 5, neither of which are posi-

tions of equiUbrium.

WoLLASTON himself seems to have some lurking doubts of the validity of

this assumption, as he begins by showing how the particles will become aggre-

gated if on a plane., and then from this basis builds up the tetrahedron: this,

however, is the very way in which crystals do not form.

The octahedron, of course, was easily deduced by removing the corners of

the tetrahedron. He also formed the rhombohedron, by placing a pyramid of

spheres on two opposite faces of the octahedron, and accounted for the different

rhombohedrous by considering the spheres to become spheroids. He did not

perceive that the planes of cleavage would in such a case be four in number
;

nor is it to be supposed that he would have advanced such an hypothesis if he

had been acquainted with the theory of Huygens, which not only accounts for

this form, but is in strict accordance with the known phenomena of cleavage.

He also makes some observations with regard to the cube, but they are vague

and indefinite, and indeed cannot be said to be a theory at all.

Next in order of time, and first in merit, was the Abbe HAtrv. His theory,

as we have already stated, had its origin and groundwork in the phenomena of

cleavage. His great merit lies in being the first to advance the theory of

decrements, which is, perhaps, one of the most successful in the whole range of

physical science. He perceived that many crystals were liable to cleavage,

and that in many cases new solids were thus obtained : he was led from this

to consider, that if this cleavage were continued long enough, we should ulti-

mately arrive at the element itself ; and he assumed, without sufiicient founda-

tion, tliat this element should have the same form with the solid obtained by

cleavage. This element itself he considered to be further divisible into what

he called the absolute atom.

The forms which he considered these elements or nuclei to have were the

tetrahedron, parallelopiped, and the three-sided prism. With these he clearly

accounted for nearly all primary forms ; and by means of his theory of decre-

ments ably included the secondary : but in case of the tetrahedral cleavage,

his theory signally failed, for no one soUd can be obtained by this cleavage, in-

asmuch as tetrahedra will not, however united, fill space. The only way in

which this difficulty could be got over was by supposing that the tetrahedral
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molecules were united by their corners, or that the crystal was formed of tetra-

hedral and octahedral molecules mixed. The necessity for such an arrangement,

so unaccountable, and so totally at variance with the rest of his theory, was

evidently subversive of it.

However easy it may be to divide a crystal into any number of molecules,

it is by no means so easy to build up a crystal of these molecules ;—in fact, he

does not seem to have considered the problem as a physical one, nor to have

investigated at all how the molecules could have united. To any one viewing

the question in such a light, the difficulties of showing how such molecules

could come together would appear insurmountable, if not subversive of the

theory which gave them birth. No such difficulties exist, however, when we

consider the atoms spherical, and attached to each other by means of poles, or

centres of force : we can then begin with the individual atom, and trace it as

it becomes part of a crystal, and as other atoms become attached to it.

Such is the system of JNIr. Dana, the American mineralogist. To him be-

longs the merit of clearly pointing out how some hemitrope crystals occur. The

first idea, however, undoubtedly originated with Sir David Brewster, who

stated the fact without explaining it. To give a detailed account of this theory

is not my intention : suffice it to say, that the completeness and beauty of this

part of it carry with them an irresistible conviction of its truth, so far as it goes,

resembling in this respect the theory of decrements of Hauy, which, despite

the errors of his system, still remains, and applies where the particles are sup-

posed to be spheres as well as where they are supposed to be cubes or tetra-

hedrons.

Dana considered the particles to be spheres or ellipsoids, possessing six

poles or centres of force on their surface : three of these poles were of one

name, and three opposite of another—those of a like name repelling, those of

an unlike attracting each other. He explained the formation of twin crystals

by showing how two molecules may unite at a point intermediate between two

or three poles.

In Fig.' 6 is shown the arrangement which he supposed the poles to have
;

the intersection of the circles shows their position ; and in Fig. 7 the form into

which the molecules will pile themselves. This was the only primitive form

which he supposed to exist in the first system ; and accordingly, he left quite
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unexplained the different cleavages which are found ;—in fact, he took no notice

whatever of cleavage, except some unintelligible remarks, and did not even

perceive that this formation would give rise to the cubical cleavage, and no

other,—a fact which wc shall presently prove.

Thus we have the two most successful systems, those of Hauy and Dana
;

the first founded on the phenomena of cleavage, an attempt which, as we have

seen, totally failed : the second altogether throwing aside the consideration of

what is the most important and remarkable of all the phenomena of crystalliza-

tion. The success of Hauy's theory of decrements depends solely on the fact,

that what he applied to cubes is equally applicable to spheres ; but it is to be

remarked, that it would have completely failed if he had attempted to apply it

to the other forms of molecules which he supposed to exist—in other words,

his own theory failed completely when applied to his own system. We can

only ascribe to a fortuitous circumstance the truth of a theory which has its

very foundation in error.

Dana, however, was right so far as he went, and his theory will actually

go a little farther than even he took it, for the formation which he supposed to

exist will explain the cubical cleavage. The phenomenon of cleavage is a very

remarkable one, and it may be said that the existence of several directions in

which the crystal divides with less than the ordinary resistance is the origin of

this phenomenon. It is evident that in any crystal where the faces are plane,

and the molecules accordingly arranged in layers, the direction of that divi-

sion which will give the least resistance will be some plane, and that this plane

will be symmetrically situated with regard to the crystal, and that there will be

as many planes as there are corresponding parts of the crystal, provided the

poles of each molecule have the same attractive power. Thus, in the first sys-

tem, where all the poles are naturally ofthe same strength, the number of planes

of cleavage is either three, four, or six ; so, if a cube be divided by planes pa-

rallel to the faces, the number of different directions in which it will be divided

is evidently three : if it be divided by planes tangential to an edge, as the

edges are twelve in number, parallel two and two, the number of cleavage

planes will evidently be six ; and if by planes replacing the corners, since the

corners are eight in number, the cleavage planes are in number four. In order,

then, to ascertain what will be the cleavage in any formation, we must look for
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a plane where the cohesion is least, or, in otlier words, for a direction of least

resistance. In Dana's formation (Fig. 7), it is evident that any division

parallel to a face will separate each molecule from one other only, or, in other

words, will overcome the cohesion of one pole in each molecule, while a divi-

sion in a plane replacing an edge would separate each molecule from two

others; and in a plane replacing a corner, from three others. The plane

parallel to a face is evidently, then, the direction of least resistance, and will

be the direction of cleavage. But there are two other cleavages—the very two

to which we have been alluding—namely, tangential to the edges of the cube,

and truncating the corners, which we shall for the future call the dodecahedral

and octahedral cleavages, and which we shall now endeavour to explain.

If the molecules be spheres, each having twelve poles, or centres of force,

on its surface, the form which they will assume is the tetrahedron. Such a

molecule is shown in Fig. 8. The intersection of the great circles shows the

positions of the poles : these poles evidently lie six and six on great circles :

these circles are four in number, inclined to each other at the same angle as

the faces of the tetrahedron (70° 31' 44"), and are evidently divided each by

the others into segments of 60°. The arrangement of the poles is perfectly

symmetrical. For if any two of these spheres become united by two of their

poles, they will assume such a position as shown in Fig. 9, that is, the relative

positions of all the poles will be the same in consequence of their mutual

attraction : if they become attached in any other position, they will rotate round

a common axis till they occupy that position : a third will unite itself, as

shown in Fig. 9, for the very same reasons ; while a fourth would attach itself

by its three poles. A', B', C, (Fig. 10) to the three poles A, B, C ; for, since

all the arcs joining these poles are 60°, these poles are the very points at

which the spheres touch each other. We have now a tetrahedron formed, and

by precisely analogous reasoning we can continue the process of formation.

It will be observed that a fifth molecule, if attached, will be in a plane with

three others, and will only touch two, a result to the necessity of which I have

already adverted when speaking of Dr. Wollaston's hypothesis.

We have seen how a tetrahedron may be formed : we will now investigate

how it may be modified.

If a row of molecules along each edge is deficient in each consecutive layer.
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planes will appear replacing the edges tangentially (vide Fig. 11). This can

be readily demonstrated.

The face thus formed will belong to the cube. In Fig. 12 we have a repre-

sentation of the crystal so produced; it is the same as that in Fig. 11. We
have now seen that the union of the cube with the tetrahedron follows as a

natural consequence from our hypothesis of twelve poles ; but it would not be

at all so easy to see, on the hypothesis of six poles, how four corners of a cube

can be modified, and not the remaining four ;—in fact, it would be directly

contradictory to the laws of symmetry. We have already seen that the hypo-

thesis of six poles explains the cubical cleavage ; but it is a fact that no crystal

possessed of cubical cleavage exhibits the tetrahedralform, or that of any of its de-

rivatives. We have, hence, a striking confii-mation of our hypothesis. In

precisely analogous ways we can deduce tlie octahedron, the dodecahedron, the

ikositetrahedron—in fact, every form of the first system, except hemihedral

forms with parallel faces, namely, the pentagonal dodecahedron and the hemi-

octakishexahedron ;
but it is well known that these twoforms are never foujul

in combination with the tetrahedron, or any other hemihedralform icithout parallel

faces. Here is another fact which gives the strongest support to our theory.

We thus meet with two remarkable and isolated exceptions, which, viewed as

matters of experiment, are sufficiently singular, but which follow as a beautiful

and natural result of theory.

We have already seen that in case of the cubical formation, where the

poles are six in number, the cleavage is parallel to the faces. AVe have shown

that there will always be some plane of cleavage, and that it will always be

the direction of least resistance. But in the case of twelve poles, in the

tetrahedral formation before us, it is easily seen that the cleavage is again

parallel to the faces
;
for there arc only two possible planes of cleavage, namely,

parallel to the faces and tangential to the edges ; but cleavage parallel to the

faces evidently separates each molecule from thi'ee others ; while cleavage

tangential to the edges separates each from four others : the former is, of

course, that of least resistance.

We will now show how spherical molecules may assume the form of the

dodecahedron, and will then proceed to prove that this formation will give

rise to the dodecahedral cleavage.

3t2
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If each sphere have eight poles, situated in the same relative positions as

the corners of the cube, they will, if under no disturbing influence, assume the

form of the dodecahedron ; for if any sphere attract eight others, they will be

arranged as shown in Fig, 13 ; that is, their centres will occupy the same posi-

tions as the corners of a cube, but also their poles will all have the same posi-

tions as regards the eye, for their mutual actions will cause the spheres to turn

on the points of mutual contact till they have such an arrangement. These

eight will be attached simultaneously, and immediately six others will become

attached to them, as shown in Fig. 14. It is evident that as the crystal grows,

the same form is retained (Fig. 15). Such a crystal will be liable to modifica-

tion in the same manner as those already discussed, and thus all forms may be

built up. With regard to the cleavage of such a crystal, it is easily deduced

by referring to the principles already made use of The three possible planes

of division in this formation are planes replacing an angle, replacing an edge,

and parallel to a face. It is evident that the last is the natural one, for it sepa-

rates each particle from two others, while that replacing an edge divides each

particle from three ; that replacing an angle, from four others.

We have now reviewed all the forms of the first system, and have endea-

voured to show under what circumstances the different cleavages will take

place.

We have now to consider the other systems. As I have already said,

Dana has shown how the forms in these systems will arise from the molecules

being spheroids or ellipsoids, the length of whose axes and the position of

whose poles are in every case given by the length and obliquity of the axes of

the crystal ; but, as in the case of the first system, he has given but one forma-

tion for each of the other systems. We have already seen that this leaves

unexplained the cleavage in the first, and the same is true for the others also.

He considers the molecule in the second or dimetric system to be an ellipsoid

of revolution with six poles, as in the first system. This will easily explain the

prismatic and basal cleavages, but it will not account for the octahedral.

It is to be remarked, that in this, and every system except the first, we can.

not expect that any poles will have the same strength except those of the same

kind. We find, accordingly, that from the inferior strength of two of the

poles, cleavage will exist in one direction only, or, as is often the case, may be
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eminent. Thus, iu the second system, we have cleavage parallel to the termi-

nal plane only, because the poles at the extremities of the longer axes are the

weakest : we have also cleavage parallel to the faces of the prism. When the

contrary is the case, both these cleavages occur when the poles are six in num-

ber : but we have seen that the octahedral formation occurs in the first system

when the poles are twelve in number ; and it is easily seen that it will also

occur in the second system under similar circumstances.

The arrangement of the poles is shown in Fig. 16 : the poles, as in Fig. 8,

lie six and six on ellipses which are four in number, and inclined to each other

at the same angles as the faces of the octahedron which they imite to form. If

any number of such ellipsoids unite by the poles A, B, C, D, they will be dis-

posed as shown in Fig. 17, which is a section in the plane of these poles :

another ellipsoid will become attached by its terminal poles (a, b, c, d) to the

four poles d,d',d",d"' : another will be attached opposite to it, and thus an

octahedron will be formed. It is easily seen that the cleavage will be parallel

to the faces of the octahedron ; for, as in the formation of the first system, that

cleavage will separate each molecule from three others; while the prismatic

cleavage would separate each from four others. The poles are also of the same

kind, taken in this manner, three and three, and accordingly all the cleavages

will take place with the same facility.

It is evident that the tetrahedron will also be formed in the same manner.

We thus see that four molecules may first unite, as in Fig. 17, or three, as

in Fig. 18, it being merely a matter of accident which result takes place. We
have in the first case proved that the resulting form is the octahedron, and in

the second the tetrahedron : thus we have a simple explanation of a fact which

at first sight appears singular, that under the very same conditions we may
have either the holohedral or the hemihedral form.

Thus we may have the tetrahedron of the second system ; and by means of

decrements we can readily explain the dioctahedron and hemidioctahedron.

In the third, or rhombohedral system, the rhombohedron will be formed,

if the molecule be an ellipsoid of revolution, and the poles are placed at the

extremities of three equal conjugate diameters. This Dana has explained.

The rhombohedral cleavage will also take place under similar circumstances
;

but we have two other cleavages, namely, that parallel to the faces of the hex-

agonal prism, and that parallel to the base of the prism ; and these will evi-
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deiitly occur if the molecules have eight poles—two at the extremities of the

principal axis of the molecule, and six round the circumference of a circular

section through its centre. If these six poles are stronger than the two others,

the cleavage will be basal ; if not, lateral ; and if they all have the same

strength, both cleavages will coexist.

We have thus shown how the primary forms of the rhombohedral system

may be produced. The secondary forms can, of course, be explained on the

same views. Thus, the dodecahedron can be easily deduced by means of de-

crements from either the rhombohedron or the hexagonal prism ; and thus it

may have either cleavage, and may be found in combination with either of

these forms. The didodecahedron may be obtained in a similar manner. The

hemihedral forms of these solids are of course deduced in the same manner as

the holohedral. The cause of their occurrence in general we have already

explained.

In the fourth, or trimetric system, where the crystallographic axes intersect

at right angles, and are all unequal, the molecule is evidently an ellipsoid. If

the poles are situated at the extremities of the axes of this ellipsoid, the form

produced will be a prism with a rectangular base. As the poles are iiulike, it

is evident that cleavage may exist in such a form parallel to any of the faces.

There is, however, another cleavage, namely, parallel to all the lateral faces of

a prism, having a rhomboidal base ; and this will arise if the lateral poles are

situated at the extremities of equal conjugate diameters. Dana has explained

the formation of both these prisms.

The secondary forms can be easily deduced in a manner precisely ana-

logous to that in which we have deduced those of the other systems.

The formations of the two remaining systems take place in precisely analo-

gous ways. To enter into an explanation of all the combinations could only

prove tedious. I shall, in conclusion, show that the phenomena of hemitrope

forms and twin crystals are in strict accordance with, and can be readily

explained by, the hypotheses which I have advanced ; and further, that some

of them can be explained on these views, which were quite unintelligible on

Dana's hypothesis.

One of the best known cases of hemitropism in the first system is where

one half of an octahedron is rotated on another, through an angle of 180", the

plane of separation being parallel to an octahedral face. Such combination is
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found in crystals of spinel, a mineral in which the cleavage is octahedral. We
must, accordingly, show how it may take place, on the hypothesis which

explains the octahedral formation. A plane joining the three poles A, B, C,

(Fig. 10) is evidently parallel to a face of the octahedron of which the mole-

cule forms a part. Hence, if two such molecules be united by two points equi-

distant from three such poles, they will each become the origin of a crystal

;

and since they will naturally assume a symmetrical position with regard to each

other, A opposite A', &c., these two crystals, of which they are the origin, will

be similarly situated. Also, since each crystal prevents the other from growing,

except in a direction away from itself, they will together make up only one

crystal. Thus, the halves of two crystals similarly situated are evidently the

same as the halves of the same crystal rotated on eacli other through 180°.

Crystals are also found in which the cleavage is octahedral, and composition

has taken place parallel to a face of the cube : such are some crystals of

diamond. These forms will result if two molecules, such as in the last case,

unite at a point of equilibrium between four poles. We have seen that the

dodecahedron of the first system may be built up of molecules having eight

poles; and I have stated that the molecules, as they unite, will occupy such a

relative position that the poles will be disposed symmetrically. Although that

is unquestionably the normal position of equilibrium, yet there is evidently

another position in which two such spheres may unite by two poles, namely

one 180° remote from this. Such is a position of unstable equilibrium ; but it

is one which, if nothing occurs to destroy it, will become the basis of a crystal.

Two such molecules will be the germs of two crystals, which, from the peculiar

circumstances under which they are formed, together exhibit the parts of one

crystal : they will be united by a plane parallel to a face of the octahedron, and

will exhibit the dodecahedral cleavage. Crystals of blende are found of this

formation. We might also have two such spheres united by two points inter-

mediate to four poles, the lines joining which would form a face ofa cube ; and

if these molecules became the centres of formation, we would have a crystal

with dodecahedral cleavage, and hemitropism on a cubic face. Such a crystal,

however, could not be distinguished by the eye from an ordinary cube. In

fact, there are certainly twelve positions in which two such molecules might

unite and be in equilibrium. Tlie question is then merely one of probability as

to which combination may most readily take place. Those combinations whicli
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we have mentioned are clearly the most likely to happen, and they are those

which have been found in nature.

Cases in which hemitropism has occurred, and where the crystal has cubi-

cal cleavage, have been already explained by Dana. As, however, his theory

could not account for the octahedral or dodecahedral formation, it could not

possibly show how such crystals might be subject to hemitropism. I trust that

I have shown that the theory which I have put forward is not wanting as

regards this test.

In Fig. 19 is given a representation of a crystal of spinel in which compo-

sition has taken place parallel to two octahedral faces. Fig. 20 represents a

dodecahedron in which composition has taken place parallel to an octahedral

face. These may be taken as instances of twin formation, where the parts

together make up only one crystal. There is, however, another descrip-

tion of crystals which have been generally placed in the same category, namely,

those in which the complete parts of two crystals appear. There does not

seem to be any reason why these should be classed as twin crystals at all,

except to preserve the rule that simple crystals are never foimd with re-entrant

angles. In Figs. 21, 22,* instances of this sort of formation are shown
;

they can evidently be explained on the very same principle of decrements as

all other secondary forms. These hemitrope forms are known to be very

numerous : to enumerate all of them would be both tedious and unnecessary.

I shall content myself with one example illustrative of the cases in which

Dana's hypothesis fails, and where it is necessary to suppose the existence of

twelve poles. In Fig. 23 is shown a crystal of copper pyrites, which evidently

consists of six octahedra united by their extremities. It is not possible to

conceive how six of Dana's molecules could unite in this manner ; but it will

readily take place when the poles are disposed as shown in Fig. 16, the four

poles at the extremities of the molecule uniting in this position. It is also to

be remarked, that the cleavage in this case is octahedral.

On a subject so vast much must remain unsaid ; but I trust that, although I

may not have reviewed every case, there is no important class of phenomena

which cannot be brought under the hypotheses which I have advanced.

* These figures have been taken from the first volume of Brewster'8 "Edinburgh Journal,"

where they are appended to a most able Paper on Twiu Formation, by Haidinger.
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Experimental Researches on the Lifting Power of the Electro-Magnet.

Part III. By the Rev. T. R. Robinson, D.D., M.R.I. A., F. R.S., (^c, c^-c.

Read November 30, 1857.

In my last paper on this subject I showed that with a given exciting power,

measured by -^= product of the current into the number of spires, the lifting

force of an electro-magnet is less as the spires are distributed over a greater

length of its arms. Thus, it is seen from Tables xii. and xiii., that, with the

same -^j the forces are 911 and 733, the lengths covered being 2'-l and 10''1

for each arm. I showed that part of this diminution arises from the oblique

action of the remote spires, and part from the imperfect transmission of the

magnetism in their immediate vicinity. These, however, account for but a

small portion of it, as is evident if the spires be kept in a given position while

the length is varied.

It is the object of this paper to detail a series of such experiments, which

were instituted in hopes of finding some simple relation between the position

of the spires, the length of the magnetic circuit, and the lifting force L : and

though I have been disappointed in this, yet I think the results are not without

value, both as pointing out some of the influences which complicate the prob-

lem, and as affording numerical data by which theoretical investigations on this

subject may be tested.

Before describing them, it may be useful to state what appears to be the

action occurring in an electro-magnet, which is excited while its poles are con-

nected. As far as I know, this case has not been examined by theory, and is

quite different from that of a permanent magnet, whose poles are unconnected.

There, free magnetism, which is null at the centre, increases with opposite po-

VOL. XXIII. 3 o
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larities towards the extremities : there is scarcely any free magnetism, and the

internal molecular excitation must be of quite a different character. The state

of things is probably of this sort.

Let ABCD represent the magnet, supposed continuous ; let it be excited

by a circular current at a. The action of this on the dif- a b

ferential slice lying in its plane will induce opposite polari-

ties on its surfaces, till their natural attraction, aided by the

coercive force of the molecules, balances that action. But

these polarities induce opposite ones on the adjacent surfaces

of the slices i and d,—less, however, in intensity; both because

their coercive force resists the inducing force, and because

it is weakened by the intermolecular space. These, again,

induce on c and e, which are also affected by a, though more

weakly ; and so on through the whole circuit. These in- c d

duced polarities react on a itself : its + no longer tends to its — with the same

force, for it is drawn the other way by the combined effects of the — ones

b, c, &c. Therefore, the current is able to produce a higher polarization ofa than

if it were alone, which again acts more powerfully on its neighbours ; so that a

far greater development of magnetic force is obtained, than would be possible

if the magnetic circuit were interrupted, and the magnet were a mere bar

covered with spires.(a)

When the equilibrium of these forces is obtained, it is evident that the

molecular polarity must be greatest at a, and decrease symmetrically on each

side, till it becomes a minimum at a, the opposite point of the circuit. The

magnitude of the maximum is independent of the place of a, but must be a

function of c, the length of the circuit, such that it decreases as c increases,

but will continue finite when that is infinite. At any other point b the

polarization depends on the maximum, conjointly with the distance ab, and also

with c.{b)

If instead of one circular current a spiral or helix be used, the action is

the same, though the distribution of the magnetism is somewhat altered.

At any section A the magnetism will be the resultant of the force trans-

mitted by induction through the branch Aa — z, and that through the comple-

mentary branch aCDBA = c— z.
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If a second spiral or helix be placed symmetrical to the first at a, the effect

at A is the resultant of four components, the two first named, and the induc-

tions of the branch aBA = z + ^', and of aDCA =c — k — z. The same principle

applies to any additional spires, and if they be symmetrically placed on the

branches AC and BD, the forces developed at A and B are equal. (c)

If the forces excited by each spire were transmitted undiminished by in-

duction, and if they were compounded by mere addition, it would be an easy

matter to compute the force at either of these points ; but it will subsequently

be shown that these resultants are always less than the sum of the com-

ponents, and that the law of their composition, as well as that of the transmis-

sion by induction, are yet unknown. (c?)

Now let the magnet be discontinuous at A and B: AB becomes a keeper
;

but this makes no change, except as far as the separations there make the in-

ductive propagation through the circuit more difiicult. However closely the

surfaces of contact may be fitted, and though they are pressed together very

powerfully by the attraction of the magnet, it is certain that they are separated

by an interval far greater than the distance between the molecules of iron;

it is even possible that this interval may be sufiicient to change the law of

inductive propagation. (e)

The following experiments will illustrate the statements (a) and (c) :

—

The part CD of the magnet (described in my second paper, vol. xxii., page

508) is a moveable slide, which can be set to give AC any value from to II'.

If it be removed, and both arms be excited, the force at A is only the resultant

of the inductions through z and z-\-k^ themselves diminished by the interruption

of the circuit. If, also, for AB be substituted a block of brass, to which cylin-

ders of iron are fixed 2' high, and of the same diameter (that of the magnet),

then, with the slide in its place, we have the resultant of induction through (5;),

and that through (c — k— zy, if it be removed, there is left only (2^). The

helices used are described in No. 11, page 519, and K& — k is 6 inches.

The temperature is given to show that no sensible portion of the differences

is due to a variation of it ; but in these, as in most of the other results given in

this paper, no temperature correction is made, as it must be specially investi-

gated for each altered arrangement of the magnet.

3u2



504 The Rev. T. R. Robinson's Experimental Researches on the

Table XV.



Lifting Power of the Electro-Magnet. 505

distance 9", and so on through the five. A similar addition is made to the in-

ducing forces of the arm AC, so that tlie effect may easily be four times what

it is in the other case. I may remark tliat the removal of the slide, especially

when the arms are of considerable length, gives an approximation to the case of

c infinite, and that though an increase of the number of spires and the quantity

of current will augment the effect greatly, yet it is not probable that any finite

amount of them M'ill equal tlie influence of closing the circuit.

That the force L is composed as stated in (c), may be shown by measuring

it in different positions of the slide CD, while the helices are kept in a given

position. In this case the components (z), (z + k), with a given i^, should be

invariable, and any differences which are found can only depend on the other

two. In general, two positions were chosen for each value of c, one in contact

with the keeper, the other with the slide. In this last case the forces excited

at C and D are the same which in the other are measured at A and B, and as in

both c is the same, the change depends on z only. I therefore hoped that by

comparing the series Z^ I might ascertain the effect of the circuit, and, if succes-

ful in that, comparing each L, with its own L^, I might get the law oi(z). The

first sets were made with the spirals A, with ^jr nearly 124-69, and reduced ex-

actly to it by interpolation from Table viii.

Table XVI.
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The second column gives A, the distance between the slide and keeper
; fx is,

as formerly, the ratio of the actual ^ to that which would produce the same L,

if the circuit were a minimum.* The next column gives the ratio of the L in

this last case to each of the others. In 89-92 the spirals were placed in inter-

mediate positions. These were the result of a separate set ; but the values for

z = 0"07, and z = 10-07, agree so closely with the first set that it seemed best to

group them together.

It is seen at once that the value of L decreases as the length of the circuit

is increased : thus, for c = 32-2, it is only half what it is when c= 12-3. The

effect of z is similar, though less in amount, and is also dependent on c. These

relations are exhibited in

—

Table XVII.

*.
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miuimum effect ; but as the influence of the former is not very great, it seems to

follow nearly the same march. The fourth column gives, for each pair, the

ratio of the effect with the spirals at keeper, to that with them at slide. This

ratio decreases much more slowly than either of the preceding ; for instance, a

change of c from 16-2 to 32'2 changes the ratio of Z,, from 0-93 to 0'51
; but

the same change of c, combined with that of z from 0"07 to 10*07, only alters

this from 0-95 to 0-88. The comparatively small influence of z is still more

plainly shown by the sixth column, which gives for c = 32-2 the ratios of the

maximum to the L obtained with the z in the fifth column by Nos. 88-93.

A similar series made with the helices F.F\ and with •\^ = 549-08, is

Table XVIII.

No.
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There is the same decrease of L, as c and s increase ; but it is much slower,

as is especially seen by comparing the two first sets of ratios with the fifth and

sixth columns, which give the ratios of i* and L, obtained with the spirals for

A = 2'l, with their other values. This fact arises apparently from the more

powerful action of the spiral in its plane, being neutralized by its feeble action

out of that plane, and from the greater distance through which it must act by

induction. But in any case it is obvious, that the lifting power of an electro-

mao^net is increased by making the length of the circuit as short as possible, and

by bringing the wire of the helices, or spirals, as near the poles as is compati-

ble with having the necessary number of spires, as was stated in my second

paper, p. 522. It will be shown, however, that another plan of arrangement

should be adopted when the magnet is intended to act at a distance.

I have tried in vain to find any simple law connecting L with c and z, and

it probably is not to be found by mere experiment, for

—

1. The direct action of a spire on that section of the magnet which is in its

plane, can be computed by my equation (4) ; and that on any other by equa-

tion (10). Each of these actions is transferred to the sections A and B by

induction ; but the law of this induction is not known, and it does not seem pro-

bable that it will be possible to evolve it from an effect so complex. Yet

more, these inductive actions influence the power of the current itself to ex-

cite the intermediate sections in a manner which is still undetermined.

2. In these experiments the observed force is, as I have stated in (d), the

resultant of four components ; and we do not know the law of this composi-

tion. Each of them is the result of an induction through a certain length of

iron, but we know nothing of their relative magnitudes. We may get a gene-

ral notion of the composition of magnetic force by forming a table, such as Table

xn., and comparing its L and t^. I think it cannot be doubted that if -f pro-

duces L, and •^' L'
; ir + ^lr' will produce the resultant of L and L'. That this

may be more easily examined, I have reduced the L to those corresponding to

an arithmetical series of -f, for this magnet, which is 2' diameter with c- 16'-2

;

and have done the same for the hoUow magnet described in my first paper,

whose external diameter = 2', and its c = 36 ; for a small one, to be described

hereafter, of diameter = 1', and c = 27'-7
; and for one 3' diameter, and c= 36'-0.

1
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Table XX.

>//.
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raised by a force Z, applied at its middle point at right angles to the plane of

these surfaces, we have
L = 2M;

M being the force at each surface. If, however, one arm only be excited, the

polar forces are unequal ; the weaker gives way first, and the keeper rises,

turning round the outer edge of the excited arm. In this case we have, call-

ing r the radius of the arm,

Ur^L'--r^ X {M-M).
^k, -\-r

A second equation is obtained by assisting M' with a downward pressure P,

applied exactly in the axis of the imexcited arm, and sufBcient to make it pre-

vail ; then M gives way, and thence /

from which M and M' are found.

In this magnet r= 1, ^"= 6, whence

To apply the pressure P a lever was used, whose ratio = 5-8, turning on a cen-

tre in a strong vertical bar of iron screwed to the slide ; weights of an / re-

quired amount were hung at its extremity, and it pressed on a rod of steel,

pointed at each end, one of which was set in a hole punched in its lower -ur-

face, the other in the centre of the screw which is fixed in the keeper, with :ts

head entering the central pole in the magnet to serve as a guide. For each

position of the slide one of these rods was provided, so adjusted that the lever

was horizontal, and of course the rod exactly vertical. The bar prevented the

application of the larger helices to the arm BD, near which it was fixed, so

that the force M belongs to A, M' to B.

The first set were taken with the spirals A, A'; -^ is nearly 124-69, and the

resulting M and M' are reduced to that by interpolation. Only two are avail-
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able, for at first I used too small a pressure, -which was not discovered till they

were reduced. They are

Table XXI.
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Here M is the resultant of {z) and (c — 2) ; M' of {z + 6) and (c — 2 — 6).

In the first five pairs z and 2+6 are constant, so that the variation ofM and

M' is due to that of c ; but even so, it is impossible to get their relation. The

variable u cannot be obtained from 2? (a + w), unless the nature of the function

R be known. Still, some information may be derived from them.

The ratio of M to M\ and the values of the quantities on which they

depend, are given for each pair in

—

Table XXIII.
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then = 1098-16, it is easy to compute from Tables xii. and xvm. the values of

L corresponding to 3/. But we can also compute the a^s, which under similar

circumstances would give a force = M, and one = M' ; the sum of these must

produce an L", which must also be the resultant of those components, and

therefore should be identical with L. The result is given in

—

Table XXIV.
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to be 97-98 greater, and no cause of this is evident except the one assigned.

To obtain some idea of the probable effect of it in a more direct way, I intro-

duced two additional joints into the circuit. Two discs of soft iron were

procured, 2' diameter, and O''2o thick, with central apertures equal to those

of the magnet. They were marked so that they could be placed always in

the same position on the polar surfaces, and were accurately fitted by the

scraping process both to them and the keeper. If L'" be determined when

they form part of the magnet, and L when they are removed, and the magnet

is brought to the same length by lowering the slide 0"25, -i^ remaining the

same, L — L'" is the loss caused by the second pair of joints. The helices F, F'

were used always on the slide; ^ was as near as possible to 549'08, and re-

duced to that by interpolation.

Table XXV.
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taining what increase of c would produce L — L'" in these three instances.

For 115 it is G-32 ; for 116, 6-29; but for 117 it is only 3-66. As, however,

the last is not to be depended on, because it goes far beyond the largest c, on

which the interpolation is founded, the close agreement of the other two seems

to confirm the supposition. It must, however, be remarked that even the

highest of these ratios will not entirely explain the excess of No. 113 over

No. 112. It deserves to be noticed that the separation in these experiments

always took place between the keeper and the discs, never between the discs

and the magnet.

It was not within the scope which I proposed to myself to try the power

of this magnet at sensible distances, but in a few instances I did so, interposing

at the keeper plates of brass 0''12 thick.

Table XXVI.
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I think it follows from what I have stated that there is little probability of

making any progress in the investigation of the law of inductive transmission

of magnetism, till that of tlie composition of magnetic forces has been de-

veloped. In the hope of giving some additional data which may aid in this, I

add results obtained with some magnets differing in construction and dimen-

sions from that which has been examined in such detail,—three of which have

already been noticed in Table xx.

The first of these is that which I use for ordinary experiments; its cylin-

ders are 3' diameter and 12' long, their centres 6' apart; their base 3' by 2'-5.

The helices are lapped with copper wire No. 12, and contain 1070 spires.*

The keeper which I first used was 2'-5 high by 2' broad ; therefore, only 0'71

of the section of the cylinder. With it I obtain

—

Table XXVII.
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Table XXVIII.
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decreasing below this in accordance with my former observations, which led

me to conclude that this occurs for a certain ^ which I call B, possessing some

notable properties.* The residual magnetism, or, as M. Joule terms it, the

" Set of the Magnet," is always what is left by a single excitement ; for in each

of these experiments the polarity was reversed : its amount in respect of the

total L is insignificant. The force when the brass plates are interposed is of

considerable amount with this magnet for its higher powers, and follows a very

different law from that which prevails in actual contact, being as ^-. This, as is

obvious, implies that the magnetism excited when thepoles are not connected is sim-

ply as -f,—afact which apparently depends on its comparatively small intensity.

As I wished to ascertain the properties of an electro-magnet composed alto-

gether, or in part, of hard steel, one was prepared, and another exactly similar was

made of iron to serve as a point of comparison. As I doubted the possibility of

hardening viniformly masses of steel as large as those of either of the magnets

already described, these were made of smaller dimensions, the cylinders 1' dia-

meter and 7'-85 long, solid except that they have at the top holes 0-25 diameter

and 0-5 deep, to receive thermometers. The base and keeper are 1' high by l'-5

broad, and the distance of the centres is 6'. As the steel cylinders fit the base and

tatlon. Comparing the power of the hollow S^-inch magnet (ii. p. 512) with one of 2' solid, and

the same length (given ii. p. 520, No. 62), I find

—

Observed powers as, ... . 10'65 : 4.

Theoretic, 10'43 : 4.

Section, 10-00 : 4.

The hollow 2-inch gives, compared to a solid one of the same diameter and length (tp. 295, Note),

Observed powers as, ... . 3'03 : 4.

Theoretic, 318 : 4.

Section, 3-00 : 4.

And the solid inch compared with the above No. 62

—

Observed powers as, ... . 1 09 : 4.

Theoretic 1-22 : 4.

Section, 1-00 : 4.

As in the hollow magnets the iron is only 0''5 thick, we may suppose it is all uniformly mag-

netized ; and the agreement shows that the other must be so too.

* When the keeper is separated from the poles by discs of paper 0''0041 thick, A = 111 '44

with yfr = 900. With the interval 0-12 there is no sensible value of it.
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keeper of the iron magnet, I could have one all iron, one in which the parts

excited are steel, but the induced parts iron, and one all steel. The helices

N, N' first prepared are rolled on wooden bobbins r-33 diameter and 7' long,

containing 630'4 spires in four layers, with an external diameter 1' 95. After-

wards, for temperature experiments, helices O, 0' were rolled on copper bob-

bins, 2''8 diameter by 5'-7 long, with eight layers of No. 12, external diameter

= 4'66, containing 677 spires. When used, they were blocked up to be in con-

tact with the keeper, and, in consequence of the average distance of their spires

from the poles being less, they are more effective than N, N', in the ratio of

1 : 0'96;* they are less resisting, their measures being 59'840, and 78-416.

They were generally used, but for the higher i^s the others were added col-

laterally, and the -f computed by the method given in my second paper, p. 524.

Small Iron Magnet.—It was necessary to begin with the temperature cor-

rection, for I had now learned that this depends on the size as well as the form

of the magnet. Two copper cylinders, with central tubes which fit on the

arms, are connected below by a cross tube which is coupled to a small steam

boiler, and are provided with means ofescape for the waste steam and condensed

water: on these the helices O, 0' were placed, and the ^ was made 600. In

the first of the following Table the magnet was cooled 27° below the tempera-

ture of the room, by keeping a stream of ice-cold water flowing through the

cylinders.

Table XXIX.
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From these is deduced by Caucht's interpolation

—

L ^ 212-43 \l-txL-' (6-31639) + fx Lr' (4-28451) - «' x Ir^ (2-19549) j,

in which t= 7—60. The fourth column shows the excess of the observed

above the calculated value. The coefficients differ widely from those for a

2—inch magnet of the same length, for which the logarithms would be

—

7-23121; 5-33385; 2-92184.

A series was then taken of the L corresponding to various values of •^.

For the three highest, N, N' were used collaterally with 0, O'.

Table XXX.

No.
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3-68 times as powerful. By theory the ratio should be 3'27 : 1. There is the

same decrease in -—- as ^ increases, which was remarked in the other magnets.Ay ° '

and from which the existence of a limit to L was inferred.

In this magnet (as in the others), A is constant for every value of ^ above

one which is less than 600. At 200 it has considerably decreased, so that the

critical value is probably near 300. Few observations of \ were taken, but

those few seem in due proportion to the other magnets.

The iron cylinders were then removed, and those of steel substituted.

These were tempered to a pale straw colour, and their polar surfaces, which

cast in this process, were made true by careful working with a tool made of lac

fused with fine corundum. The same helices were used, but as it was desirable

that the permanent magnetism \ should not be disturbed, the current was not

reversed in each observation of a set. The temperature correction was first

sought with 1^ = 1282-92.

Table XXXI.

No.
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no difference ; their action must tend to make it negative, and therefore the

change may be referred to a diminution of coercive force, which permits a

greater development of magnetism. The correction is, therefore, the difference

of two opposite actions. The formula gives L a maximum at 199°"7, and, if it

could be depended on so far beyond the observations on which it rests, indi-

cates that the correction would become negative at 468.

The following are the results by varying ^, the negative sign before it de-

noting that the current is reversed ; and that before L, that the polarity is

changed :

—

Table XXXII.

No.
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Table XXXII

—

continued.

No.
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when ithas been in part destroyed, it is not restored entirely, even by a set of

five in which L is four or five times its maximum. The three bracketed pairs

are examples of this.* The relations to i deserve attention : from i^ = 742 to

1^ = 98, —r is nearly constant, but below this a new order of dependence

arises, in which \ enters. Thus -f =98 adds only 5-96 to \= 11-78
; if the

current be reversed, instead of reversing the polarity and giving — 1774 (the

sign — when applied to L meaning that what had been a north pole is now a

south), i continues positive =+ 9"04, 2'74 less than \ ; and when the reverse

current is withdrawn, it is found that no permanent change in the condition of

the magnet has been made, for \ is unaltered. With i^=196, L is STIS, a

much greater proportional increase ; with — i^ = 201 it is still positive, = + 2'48,

but the molecular state has been permanently altered, for \ is only 5'72, and

the reapplication of -f = + 201 does not raise it above 8'64 with an L = 26*40.

The same happens with the ± applications of i^=287 and 331, except that

with the last L becomes negative, while \ retains the small positive value

+ 0"54. The two negative values, — 377 and — 482, give \ negative, though far

less than the values obtained by the same when positive, and the latter at once

reproduces the full positive \. I regret that I did not ascertain what negative

^ would be required to give \ its full negative value. All this confirms the

inferences which I formerly made from the observations with the hollow mag-

net, that X is a function both of -^ and \.

The iron parts of the magnet were then removed, and the steel keeper and

base substituted. This alters the conditions, not merely because their induc-

tion is less than that of the iron ones, but also because they too become perma-

nent magnets, and add the effect of this to that of the cylinders. In the first

instance the temperature correction was sought, 1^ = 1282'92.

* The brackets in the column of \^ connect those which were used in computing— . Those

were selected in which X might be supposed to retain its normal value, as in them only the mole-

cular condition of the steel can be considered definite.
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Table XXXIII.
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Table XXXIV.
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base opposing the action of the current on the cylinders. In No. 212 the

upper half of what in ordinary cases is the N cylinder was S, the lower N, and

vice versa in the other cylinder; the polarities of the keeper remaining un-

changed, but the natural distribution was restored when the current ceased.

The values of A are greater than those corresponding to the same L in the

iron magnet, and their maximum would probably be higher, but their increase

with -^ shows that it was not reached, though No. 202 would probably have

given it.

A is, of course, still greater than in the compound magnet, bearing a con-

siderable proportion to the whole force. In the two the lengths of saturated

steel are as 7 : 4; the \s as 7 : 5-3, the excess in the latter being due to the

iron keeper. I have already remarked that when the steel has been fully mag-

netized in one direction, that tendency continues, so that even after several re-

versions of its polarity, it is far more easily magnetized in the original direction

than the other. Analogous to this is the fact, which is shown still more clearly

than in Table xxxn., that a positive >^ gives a larger L than a negative; and

that the latter, unless it be great, merely destroys a portion of \, the L being

scarcely diiferent from what is left of that. Thus in Nos. 208, 212, the posi-

tive ^ gives 32'77 = \ -f 17'32 ; therefore, on any supposition of the resolution

of magnetic force, we should expect its effect, when negative, to overpower \,

and give a negative result; we, however, find Z = -f 6'92 and \ = 9'04, with

the additional fact that under such circumstances the state A has no existence.

In 207, 213, + 390 gives 38-7, and 14-4 ; - 390 gives -f 3-4, and 6-0 : the next

pair give, the positive 44-9, and 13-6
; the negative — 2*9, and — 1-3. It seems

from this, that steel (and, though in a less degree, iron) undergoes by being

fully magnetized some change, which continues when the magnetism is de-

stroyed. In virtue of that change it resists an opposite excitation, which may

lessen its existing polarity, or even produce an opposite one ; but the bias re-

mains until an overwhelming power is applied which is sufficient to destroy it

altogether, and substitute an opposite one in its stead. This, however, must

far surpass that which originally produced it. In the present instance even

the high -f 1045 falls far short of this; and I think it not improbable that, had

the magnet been left to itself, these \s, which were diminished by reversed ex-

citation, would have returned to their original magnitudes.

3z2
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In examining the different series of L given by the various magnets with

which I have experimented, it will be observed that ——-, the rate of increase

of L for a given change of ^ decreases as this variable increases, and so as to

indicate that in each of them L has a limit which it cannot pass by any amount

of excitation. When I first noticed this, I explained it by supposing that the

cause of magnetism, whatever it be, is present in each molecule only in finite

quantity : if it be a hypothetic fluid decomposed into two of opposite powers,

when all of it is so resolved, the process must stop. If we assume Ampere's

currents, when all of them are forced into the same plane and direction, there

can be no further development of magnetism. This still seems to me to be

the case, with a slight modification, which makes the limit depend also on the

length of the circuit ; for as we must consider the force at each pole to be the

resultant of those which I have described as M and M' ; and as each of these

is the resultant of two others transmitted by induction, it follows that even an

infinite -^ would not produce the total magnetization of the polar surfaces, as

long as the portions of the circuit through which this induction takes place

have a. finite magnitude. The hollow magnet which I first used, and which

with T^ = 4639'27 gave L — 76975, could not have passed 800 with any ^, to

judge from the curve of those variables. Had this magnet been solid, the limit

might be expected to be one-third higher, or — 1067 ; but in the solid 2-inch

magnet, with a circuit reduced to 16''2 instead of 36', it is seen from Table xn.

that this is exceeded by a i^ not a fourth of the above, and with a ^ = 2548-59

I got on one occasion i = 1379'll. With the small iron magnet the maxi-

mum is about 300, its section being one-third, and its circuit about three-fourths

of those of the hollow one. These facts show that the limit is determined not

merely by the section of a magnet, but by the other causes which I have pointed

out as influencing the efficiency of the helices. More precise information can-

not be expected till we possess an exact theory of the electro-magnet, but I

may be permitted to give here an empirical formula which represents a consi-

derable portion of these experiments with sufficient precision.

It was suggested by examining the march of the sets of —-. If L were

as T^, -y- would be as —r- ; but it is not so, and the second must be multiplied
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by a factor decreasing as L or -f increases. Admitting a limit o^ L = A, the

most obvious form of this factor is J. — i, which would give

—

dL _d^
L X {A - L)

~
'bir''

integrating which

—

A-L = Kx^\

A
Trying this by the numbers of Table xii., I found for -j- 0-9918, so near

unity that b may be taken = A, and the equation becomes finally

—

Ay.^L =
£ + ir-

(18)

B being the t^ which will give half yl, a quantity which, as I formerly re-

marked, seems to have some marked properties, among which are that A is

constant for every -^ which is greater than it, and that for all below it the L
is not the same for direct and reverse currents if there be any permanent mag-

netism. The formula supposes L to vanish with i^; and, therefore, only ap-

plies to the higher portion of the series. Perhaps it may be a residual portion

of the true formula ; but at all events it represents so much, that its constants

appear to have a real physical significance, and I therefore give them in

—

Table XXXV.

Magnet
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out the magnetism, as may be inferred from its being less than half^o. 154.

The same may be observed in Table viii., No. 45, for which magnet I had a

remarkable proof of it, trying the effect of a single pair of spires with 1^=13-56

:

L was only 12-97, only 0-071 of No. 45, while the -f is 0-272. In the second

and third all are represented in which -^ is positive. In the fourth the highest

16 of the Table were taken: the agreement here is the worst, caused by the

aberrance of the highest one, which is very discordant, owing to the magnet

having been, for some time before it was taken, only slightly excited. In such

cases I have always found a great excess. The fifth is probably too far from

the maximum, and the sixth would be much improved by omitting No. 58,

which is not sufficiently excited.

From the fragmentary character of this Paper, and those which preceded

it, it may be useful to conclude with a brief summary of the principal results

which they contain.

An electro-magnet, whose circuit is closed, differs from one whose poles are

not connected, in having little free magnetism, but a much higher polarization of

its molecules.

In this condition the magnetism of each molecule is in equilibrium under

the action of four antagonist forces :

—

1. The direct action of the helices on each molecule.

2. The action of the other magnetized molecules transmitted by induction

through the iron : these tend to keep the two polarities apart.

3. The coercive force, which in general seems to resist any magnetic change.

And
4. The mutual attraction of the polarities,—oppose their separation.

If, when the magnet is thus excited, the current which passes through the

helices be stopped, the force 1 vanishes, 4 prevails over 2, which therefore

decreases, but which is now assisted by 3 opposing the decrease, as it had done

the increase of polarity, and a new magnetic equilibrium occurs, which conti-

nues until the keeper is raised, when almost the entire of the force 2 is destroyed.

This "residual excitation," whose force I denote by A, is of a given amount as

long as the previous excitation can produce a force greater than half the maxi-

mum power of the magnet ; below that it decreases. It is not proportional to

the maximum ; and if a current be passed while the magnet is in this state, the
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effect produced is less than would be caused by adding it to another current

capable of producing the force A. In this state all the molecules in the circuit

must be equally polarized, for A is the same when only one arm has been ex-

cited. It occurs, though but feebly, even when the keeper is separated from

the poles by a very small interval.

When the keeper is raised, and the force 2 is destroyed, a further decrease

of the force takes place, till the coercive force 3 balances the attraction of the

polarities. This is the case of residual or permanent magnetism, which I de-

scribe by the force \ ; it is very powerful in hard steel, but is found in all iron

however soft. By repeated excitation it rises to a maximum, and then is not

entirely removed by reversing the current, unless that be able to produce half

the maximum. If the magnet be hard steel, it is able to overpower a reverse

excitation, whose L would of itself considerably exceed it ; and if destroyed it

cannot be restored, but by one whose L is four or five times its own amount.

An electro-magnet, like a permanent one, bears a greater load, if this be

gradually increased.

It requires a considerable time to attain its full power, not less, in any of the

magnets which I have used, than ten minutes.

It becomes less powerful by long-continued magnetization in one direction.

This is connected with its acquiring permanent magnetism, and the reverse cur-

rent then produces less efi'ect than the direct, unless it can produce half the

maximum. That current is, therefore, the best where the polarity is to reci-

procate, as in electro-magnetic engines.

It is affected by a rise of temperature. K of soft iron, its power decreases,

though irregularly, having minima and maxima between 32° and 220°. The

coefficients of the interpolation formula which represent the change, vary with

the diameter and length of the magnet.

In one of hard steel the power increases with the temperature from 50° to

190° ; indeed, probably until the heat is sufficient to lower its temper. The

amount of change is four times that of iron of the same dimensions.

In one whose keeper and base are iron, but the parts covered by the helices

steel, there is an increase almost exactly equal to the decrease in the iron one.

The central part of the magnet is probably inactive.

The force at the pole of an electro-magnet is the resultant of four others
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transmitted to it by induction, two through the shorter distances between it and

the centres of the helices, the other two through the complements of the cir-

cuit. When any of these distances is increased, the corresponding force dimi-

nishes. The eifect of lengthening the entire circuit is considerably greater than

that of lengthening the distance of the helices from the keeper.

The resultants of pairs of these forces can be obtained separately, but they

cannot be further separated, as the law of this magnetic composition is not yet

known.

The law of the inductive transmission of the magnetic force is equally un-

known. It is not impeded by the magnetism of iron.

Whatever impedes this transmission lessens the power of the magnet.

The interposition of brass plates 0'*12 thick reduces it to a quantity vary-

ing from 0"24: to 0'03 of its normal amount, according to the nature of the

magnet. In this case the force is as -f^ and, therefore, the development of

magnetism as •^.

Even the interval between the keeper and polar surfaces, though the con-

tact be as close as possible, reduces it to 0'91, or 0'95.

Complete interruption of the circuit in the middle of the keeper reduces it

to a value between 0"09 and 0"03, and one in the centre of the magnet from

0"70 to 018, the diminution being less as the- circuit is longer, and the spires

more uniformly distributed over it.

When both interruptions exist, the two halves of the magnet act as sepa-

rate bar magnets ; but in this case the power, when greatest, is only a thirtieth

of the normal value.

A magnet, intended to act with the circuit closed, should have its spires col-

lected as near the keeper as possible, and be as short as is compatible with

having the necessary quantity of wire coiled on it ; if it be designed to act at

a distance, it should be of considerable length, and have the spires uniformly

distributed over it.

If the resistance of one of the helices be greater than the internal resistance

of the battery used, power is gained by employing them collaterally, but the

expenditure of materials is doubled.

In magnets of the same length, but different diameters, the actions of similar

spires are as these diameters.
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The action of a helix, -^^ is represented by the quantity of current multi-

plied into the number of spires (not the length of wire, as is sometimes stated),

and into a coefficient expressing the mean efficiency of these spires ; this effi-

ciency decreases as the ratio of the spires' radius to that of the magnet increases,

at first rapidly, but afterwards very slowly, for that portion of the magnet which

is in its plane. On parts out of the plane the action may even increase with

the distance, but it is much feebler than the other.

The lifting force L is not proportional to any one power or exponential of

^. The increase of it, corresponding to a given increase of ^, lessens conti-

nually as ^ increases. This diminution is least in hard steel, but only because

that material requires a higher exciting force to develop its magnetism. The

rate of this decrease shows that there must be a maximum L for each magnet,

which no magnitude of ^ can make it exceed. This maximum is higher the

greater the section of the magnet is, and the shorter its circuit. It seems the

same for iron and hard steel.

When the excitation is very feeble, L seems to depend on \, the permanent

magnetism, as well as on ^ ; but in the higher powers solely on the latter. A
tolerable approximation is given by an empirical formula,

J-
_ Ax li^

in which A is the maximum, and B that value of -^ which would excite the

magnet to half the maximum. This quantity appears to possess some remark-

able properties, and may be considered a sort ofmodulus ; in steel, for instance,

A
it is 14 times greater than in iron, and the fraction ::; .— appears to be a

B X section

good measure of the efficiency of any magnet.

VOL. XXIII. 4 A
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luteMeasure, by means of the Dip-Circle. By Humphret Lloyd, D.D.^ D.C.L.^
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d'Histoire Naturelle of Geneva, Sfc. ^x.

Kead January 11, 1858.

1 HE force exerted by the Earth upon a magnet is usually found by suspending

the bar horizontally, and observing its time of vibration. The result thence

obtained is the product of the horizontal component of the Earth's magnetic

force by the magnetic moment of the magnet ; and before we can know the value

of either of the factors which compose it, observation must furnish another re-

sult in which they are combined diiferently. This is effected, in the method

of Gadss, by using the same magnet to deflect another, similarly suspended,

and by observing the angles of deflection at known distances: this observa-

tion gives the ratio of the magnetic moment of the deflecting magnet to the

horizontal component of the Earth's force, and the two factors are therefore

absolutely known.

This method, although much improved by the labours of Lamont and

others, has one insurmountable imperfection. The total force must be inferred

from its horizontal component, by multiplying by the secant of the inclination

;

the relative error of the deduced force, arising from a given error of incli-

nation, varies, therefore, as the tangent of that angle, and when the inclination

approaches to 90° it becomes very considerable. The method is, accordingly,

unsuited to the high magnetic latitudes.

4 A 2
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I was induced to consider the means of supplying this defect some years

ago, upon the occasion of the Arctic Expeditions of 1845 and 1848 ; and I

then suggested another process, by which the total intensity might be found

directly, without the intervention of its horizontal component. In the paper in

which it was explained,* it was shown that the ordinary dip-circle may be em-

ployed in the two parts of the observation,—the product of the Earth's magnetic

force into the moment of free magnetism of the needle being determined, by

observing the position of equilibrium of the dipping-needle loaded with a

small weight, and the ratio of the same quantities being found (as in Gauss's

method) by removing the needle, and employing it to deflect another substi-

tuted in its place. Subsequent considerations, however, derived from the pro-

bable errors of observation, led me to propose that the dip-circle should be

employed only in one part of this process, and that the observation should be

completed by the known methods.

The present communication is intended to show in what manner this com-

plication may be avoided, and the original proposal carried out. It is of great

importance to the scientific traveller that the instruments which he has to carry

should be reduced, as far as possible, in number and in weight, and that their

adjustments should be few and simple ; and it is believed that these objects are

attainable by the method explained in this paper. Before entering into details

it will be convenient to revert to the simple theoretical principles on which it

is founded.

IfX and Y denote the horizontal and vertical components of the Earth's

magnetic force, M the magnetic moment of the needle acted on, and a the azi-

muth of the plane in which it moves, measured from the magnetic meridian,

the effective forces exerted upon it are

—

MX cos a, MY;

and their moment to turn the needle is

—

il/( Fcos tj —X cos a sin tj),

7] denoting the actual inclination of the needle to the horizon. This moment

is opposed by that of the added weight, or by Wr, W being the weight, and r

* Proceedings of the Bojal Irish Academy, January 24, 1848.
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the radius of the pulley by which it acts ;* and the equation of equilibrium is

therefore

—

M{Y coat]—X cos asm-))) — Wr. (1)

When the needle is removed, in the second part of the process, and applied

to deflect another substituted in its place, the moment of its force to turn the

latter is

3IM'U;

in which M' is the moment of free magnetism of the second needle, and U a,

function of the distance of the centres of the two needles, and of certain inte-

grals depending on the distribution of free magnetism in them. The moment
of the Earth's magnetic force, opposed to this, is of the form already assigned, in

which we have only to substitute M\ y', and a, for M, % and a. Hence the

equation of equilibrium is

F cos >;' -X cos a' sin 1/ =MU; ( 2 )

the quantity M disappearing from the result. The magnetic moment of the

deflecting needle, M, is eliminated from equations (1) and (2) by multipli-

cation ; and we shall thus obtain a single relation between the intensity of

the Earth's magnetic force, the observed angles a, r/, a', ?;', and the quanti-

ties W, r, and U. Hence the magnetic intensity will be determined when

these are known.

There are three obvious cases of these formula3, each of which suggests

a different method for the determination of the terrestrial magnetic intensity.

1. When the planes in which the needles move coincide with the magnetic

meridian, or a=0, a = 0, the left-hand members of (1) and (2) are reduced to

3fR sin (6 — 17), R sin (e - 9/ ) ; B denoting the total force, and the inclina-

tion. Whence, by multiplication, we have

E' sin (6 -n) sin {e-r]') = UWr. (3)

• It is here supposed that the weight is attached to a fine thread passing round a light

pulley, whose centre is on the axis of the cylindrical axle of the needle, in the manner proposed by

Mr. Fox. If the weight be attached to the southern arm of the needle, at a fixed point, its mo-

ment is Wr cos 7.



538 The Eev. Dr. Lloyd on the Determination of

2. When the planes in which the needles move are perpendicular to the

magnetic meridian, or a= 90°, a' = 90°, the left-hand members of (1) and (2)

become, respectively, MY cos f}, Yco& rf ; whence

F" cos ij cos ri = UWr. (4)

3. Finally, the equilibrium may be produced, in both cases, by turning the

instrument in azimuth until the free needle stands vertically. In this case

»; = 90°, i/ = 90', and the left-hand members become —MX cos a, —Xcosa';

whence
X^ cos a cos a' = UWr. ( 5

)

Thus we may apply this principle to the determination of the total inten-

sity, or to that of either of its two components.

In comparing the foregoing methods, it is to be observed that the third fails

when the inclination approaches to 90°, on account of the magnitude of the

error of R resulting from a given error of 6, when the total force is deduced

from its horizontal component. In like manner, and for the same reason, the

second method fails in the vicinity of the magnetic equator, or line of no in-

clination. The first alone is applicable at all parts of the Earth's surface,

and I proceed to consider it more in detail.

The observed angles, j; and )/, are liable to error, the friction of the needles

on their supports causing them to rest in positions slightly different from those

due to the acting forces. The probable errors of i/ and i/, due to this cause,

vary with the angles themselves. To determine their magnitude in any case,

we have
MR sin (e - ij) = F,

F being the moment of the deflecting force ; and when friction is taken into

account,

MRsm {e - ); -^ Ay)=F+/;

/ denoting the moment of friction, and y—A}] the new angle of equilibrium.

Developing the latter equation, and subtracting the former,

3IR cos (e - y) Ai] =f
the angle A); being expressed in parts of radius. Hence, cos (6 — ??) Ar/ is con-

stant with a given instrument, and at a given point of the Earth's surface.
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To find the probable error of the force corresponding to the error of the

observed angle, we must differentiate the equation of equilibrium, MRsm u= F,

with respect to R and ii, where u = — i] ; and we have

A Z2 sin M + i? cos w Am = 0.

But

M=|(»?l-''/2),

r/i and fj., being the observed angles of inclination under the two opposite ac-

tions of the deflecting force. Hence, the probable error of u is

Au = \ V^rfi + Aif2 = 7^ A»7

;

^/2

since Arji = A??,. Accordingly, the second term of the preceding equation be-

^e

/

1 If
comes y^ E cos u A »; = 79 iiJ !

^^^ "^^ ^'^^^

AR-. M a/2 sin u

We learn, then, that the probable error of the force varies inversely as the

sine of the angle of deflection ; and that it is therefore requisite for accuracy

that this angle should be considerable. There is no difliculty in augmenting

the angle of deflection as much as we please in the first part of the process, in

which the magnet is deflected by a weight ; but in the second, the case is

different, and with the slender needles to be employed as deflectors, a large

deflection can only be obtained by placing the deflecting needle at a very

short distance from the moveable one. The most convenient arrangement

appears to be to attach the deflecting needle to the moveable arm ofthe divided

circle which carries the verniers, and at right angles to the wires of the micro-

scopes.* So attached, it must always be rendered perpendicular to the

* To obtain the value of A^ by observation, we must substitute for /its value given above.

But when ri = 0, or when the needle is unde&ected,f= MBA6 ; wherefore

V2 sm u

In the instrument with which I made trial of this method, the length of the needles was Sj inches,

and the angle of deflection produced, in the position of the deflecting needle here described, was
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deflected needle in the course of the observation, although in a different

plane.

The form of the function denoted by U, in this position, is easily found.

Let the distances of any points of the axes of the deflecting and deflected

magnets from their respective centres be denoted by r and ?'', and let fi and fx

denote the quantities of free magnetism at these points, contained in the slices

perpendicular to the axes whose thicknesses are dr and dr'. Then the force

exerted by the former upon the latter is

HfjJdr dr'

? '

z denoting their mutual distance. The portion of this force contained in the

plane of the deflected magnet, and perpendicular to its axis, is

fiix'dr dr' r

z- z

and the moment of this force to turn the magnet is obtained by multiplying by

r'. But

D being the distance of the centres of the two magnets ; and accordingly the

total moment of the acting forces is

[ivdr . \xr'dr'

Expanding the denominator, and making, for abridgment,

[lirdr =il/„ \iJ.rHr =M^, jfxr'dr ^ M^, &c.,

\fi.'r'dr' = M\, ln'r"dr'^M'„ \^'r"dr' = M'„ &c.,

in which the integrals are to be taken between the limits r = ±l,r' = ±l',l and I'

being half the lengths of the two magnets, this becomes

24° 10'. But the probable error of a single reading of the inclination, obtained by repetition—the

needle being lifted off the agate planes between the successive readings—was \'-Q ; and \(four read-

ings (which is a very usual number) be taken, the probable error of their mean will be one-half of

this. In this case, therefore, A& = 0'-8; and the probable error of the deduced force, computed by

the preceding formula, is AiJ = -00040 R.

ff(
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i-3 \mM'-
I
{M.M + MM\) ;^ + 1^ {M,M' + 2M,M\ + ilfJi',)1 + &c.

j,

or tI/J/' C/, in which

1 L 3/3/3 .il/'aN 1 15(M, M,M'.M'\ 1 _^ . j

M MNow it is to be observed, that the variations of the ratios -r^, ^, &c.,M M '

arising from the variations of /i, are of a lower order of magnitude than that of

M, and may be disregarded in their effect upon the value of U.* On the sup-

position that the quantity of free magnetism, at any point of a magnet, is pro-

portional to the distance from the centre, or that fi= kr, we have

M= IM\ M3 = §kl', 1/5 = fH',

and when k becomes k — Ik, these values will all be altered proportionally, and

31 M
consequently the ratios -,y, ~, &c., will be absolutely unchanged ; and the

same thing is manifestly true, if the quantity of free magnetism be supposed to

vary as any simple power of the distance, whether integer or fractional.

This is a point of considerable importance in reference to the method now
proposed. For it follows that, at a given distance between the two needles, the

function U may be regarded as constant ; and, therefore, that, even when U is

unknown, the value of R will be relatively determined, by a process which is

independent of the changes induced by time in the magnetic moments of the

needles employed. Accordingly, if the value of the force be found at any one

place, by any independent means, it will be absolutely known at all ; and it is

only necessary that the observer should include in his series an observation at

some base-station, at which the absolute value of the force is determined simul-

taneously by the ordinary method.

I now proceed to show, however, that the value of the constant U may be

found by deflection, by the instrument itself, and without any subsidiary appa-

ratus ; and that the method may therefore be rendered rigorously absolute. It

is obvious that the ordinary process is inapplicable in this case, owing to the

large number of terms which acquire a sensible value, in the value of the func-

* This circumstance was first pointed out by Dr. L.uiont.

VOL. XXIII 4 B
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tion Z7, and the consequent difficulty and uncertainty of the elimination: more-

over, the position which has been adopted for the deflecting needle will not

admit of the required alteration of distance.

Now here I premise, that it is not necessary that the usual deflection dis-

tance should be one of the series employed in deducing the coefficients of the

inverse powers of the distance in the value of U: it is not even requisite that the

relative positions of the two magnets should be the same in the two cases. For

ifthe value of the corresponding function be found, for any other position, and at

any distance, that of U will be known by a comparison of the deflections pro-

duced. Accordingly, I propose to determine, in the first place, the value of the

corresponding function in a different relative position of the two magnets, and

by means of deflections at the usual distances ; and thence to conclude that of

U in the position of the magnets here employed.

In using the dip-circle for this purpose, it will be found most convenient

to adopt the third of the methods above described, in which the equilibrium is

produced by turning the instrument in azimuth until the deflected magnet be-

comes vertical ; for in this case the deflecting magnet is always horizontal, and

can be placed in the usual position with respect to the deflected magnet without

difficulty. For this purpose the apparatus is provided with a gun-metal bar,

the middle of which is broad, and has a rectangular aperture which enables it

to pass over the box containing the deflected magnet: this bar rests horizontally

on two supports fixed outside the box, on the level of the agate planes. The de-

flecting magnet is to be placed on this support at different known distances, and

on each side of the deflected magnet, its axis being in the plane in which the

latter moves ; and the apparatus is to be turned in azimuth until the deflected

needle is vertical. In this case equation (2) becomes

-X cos a =MV
;

in which V is of the form

F--i-il +^+l- + &c'

where

Let Fi, Fs, Fa, &c., denote the values of F corresponding to the distances Z)„
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Di^D^, &c. ; and a,, a^, 03, &c., the corresponding azimuths observed ; then it is

obvious that

F2 cos a, — Fi cos oa = 0, V3 cos a, — F, cos 03 = 0, &c.,

from which equations the values of the coefficients p, q, &c., are obtained by

elimination in the usual manner. Hence F is completely determined.

Now let the deflecting magnet be removed from the horizontal bar, and

placed in its ordinary position between the microscopes; and let the observa-

tion be repeated, the instrument being turned in azimuth until the deflected

needle is vertical. Then, if a^ denote the corresponding azimuth, we have

-X cos oo = 3IU ;

whence there is

cos oi)

cos a'

Thus the uncertainty of the result, arising from the smallness of the angle of

deflection at the usual distances, is removed from the regular series of observa-

tions, and is thrown upon the determination of the constant, which may be

made at leisure, whenever convenient, and may be repeated as often as is re-

quired for accuracy.

In speaking of ?7as constant, and independent of the changes of the mag-

netic moments of the needles, I have expressly limited the statement to those

small and regular losses of magnetism which occur in time. It would not be

safe to extend the assumption to the case of the larger changes brought about

abruptly by concussion, or any other accidental cause ; and still less to those in

which the magnetic distribution of the needles is altered by contact with, or

proximity to, magnetic bodies. In such cases (the occurrence of which is

easily detected) the value of the constant U should be re-determined.

It may be useful to add a few words respecting the order of the observa-

tions.

The apparatus should be furnished with three needles, all of the same size,

viz., 3|inches in length. One of these (which we shall denote by the letter A) is

to be employed in observations of inclination : the other two, B and C, are to

be used in the observations of intensity,—B being the loaded needle, which is

4b2
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also used as a deflector, and C the deflected needle. The two latter needles

should not have their poles reversed, nor be touched with a magnet.

The observations may be conveniently taken in the following order:

—

1. Needle A is to be placed on the agate planes, the other two needles

being removed, and a complete observation of inclination taken in the four

usual positions of the needle and limb, and with the poles of the needle direct

and inverted.

2. Needle A is then to be removed, and the loaded needle, B, substituted
;

and its inchnation to the horizon, ?/, is to be observed in the four positions of

the needle and limb. The deviation of this needle from the position due to the

Earth's magnetic force alone is m = 6 - 1/. the angle r} being positive when mea-

sured at the same side of the horizontal line with 6, and negative in the contrary

case.

3. Needle B is now to be removed from the agate planes to its supports

between tlie microscopes, and needle C substituted ; and the inclination of the

latter to the horizon is then to be observed in one position of the needle and

limb. The observation is to be repeated with the north end of needle B turned

in the opposite direction, by the revolution of the moveable arms which carry

the microscopes ; half the difference of the readings in the two positions is the

angle of deflection, u'.

The total intensity is given by the formula

i.
B- •

^"^^

which is fitted, without any artifice, for logarithmic computation.*

In strictness a correction is required for the effect of the change of tempera-

ture of needle B, in the two observations in which it is employed ; but as one

of these observations may be made to follow the other quickly, and as the

needle may be placed in both in nearly the same circumstances, the correction

may generally be disregarded. It will be necessary, however, that this needle,

* If the weight be attached to the loaded needle at a fi.xed point, the formula becomes

T> _ \U Wr . cos 7

\ sin u sin u'
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when employed as a deflector, should be protected from the heat of the ob-

server's body by a small case of glass or of metal.

The method here proposed appears to offer the following advantages to the

travelling observer :

—

1. It is applicable, with equal accuracy, at all parts of the globe.

2. It dispenses with the employment of a separate instrument for the deter-

mination of the magnetic intensity, and with the separate adjustments required

in erecting it.

3. The constants to be determined—the magnitude of the added weight,

and the radius of the pulley by which it acts—can be ascertained with more

ease and certainty than those which are required in the method of vibrations,

and are less liable to subsequent change.

4. The observations themselves are less varied in character than the usual

ones, and may be completed in a shorter time.
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X.

—

The Genus Oldhamia (^Forbes) : its Character, probable Affinities, Modes

of Occurrence, and a Description of the Nature of the Localities in which it

occurs in the Cambrian Rocks of Wicklow and Dublin. By John Robert

KiNAHAN, M. D., Professor of Zoology, Department of Science and Art.

Read April 12, 1858.

±N certain schistose beds found at Bray Head, county of Wicklow, and Howtli,

county ofDublin, and which by the geologists of the United Kingdom are assigned

a place among the Cambrian system, or that which at present is universally re-

cognised as the lowest of the stratified rocks (whether, as some assert, itself a

system distinct from the Silurian; or, as others look on it, only a large portion of,

and not distinct from that formation), are found certain markings of a very

peculiar nature, occurring in mass, and now generally recognised as casts of

an animal assemblage, belonging either to the Polyzoan or Hydrozoan alli-

ance. To seek out the probable zoological relations of these, and to describe

the varieties which are found, is the intention of this paper. The fossils never

having been described or figured, with the exception of a few imperfect figures

—

e. g., the small woodcut originally published by Sm Roderick Muechison in

" Siiuria," and which has been repeated in other works, such as the lamented

Hugh Miller's " Testimony of the Rocks," in which the locality whence the

specimen was obtained is misquoted as " Wray Head" for Bray Head—it is pro-

posed to figure here the more important varieties which occur; the wood-

cuts accurately taken from specimens obtained by myself at Bray Head, and

elsewhere, and which I have placed in the National Museum, at the Royal

Dublin Society, in this city.

Although geologists are now perfectly agreed as to the organic nature of

these remains, it may not be unnecessary to recapitulate the points which dis-
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tinguish them from the pseudomorphic shapes masses of crystals often assume.

First : their symmetrical regularity of form, this having a constancy of direction

as regards the bedding, not passing through it in every direction, as crystals

always do. Second : the mode of their occurrence, abundantly, yet not univer-

sally, distributed through the beds, the fossils bearing a uniform relation to the

line of stratification of the beds in which they occur. Third : the permanency

of character of the fossils, even when the beds are situate in localities at

great distances from each other, and are dissimilar in their chemical and physical

constitutions. Fourth : the constant occurrence of the fossils in beds whose

formation is due to aqueous action ; in certain portions only of these ; and

almost always in company with traces of undoubted remains of animals of

aquatic habits, identical with archetypes existent at the present day. And,

lastly: the close agreement of the fossils in form with certain living aquatic types.

These characters conjoined supply a mass of evidence which render untenable

every theory which would assign to these fossils any origin save that before

stated, viz., that they are what are commonly called organic remains, and, ac-

cordingly, the genus Oldhamia is now recognised in all books on Palffion-

tology.

Before proceeding to the consideration of the affinities of the fossil, it will

be but right to mention briefly the more important communications relative to

it published in geologic works,—a task fortunately comparatively light, as, ifwe

except its discoverer, the only author who has given us any information re-

garding it is Edwaed Forbes,—other authors contenting themselves, as far as I

can learn, with recording its existence, without any notice of its mode of occur-

rence or structure.

The earliest reference to this fossil will be found in the " Journal of the Geo-

logical Society of Dublin" for 1844. In an abstract of a paper on the Rocks

at Bray Head, by T. Oldham, Curator of the Society, afterwards Professor of

Geology in Trinity College, and now Director of the Indian Geological Survey,

where, in combating the idea that the great rock mass now called Cambrian was

primary, the author states that he " had not as yet been successful in finding orga-

nic remains in the slate rocks Bray Head, with the exception ofsome small zoophy-

tic markings, which did not appear referable to known genera."—vol. iii. p. 68.

The next notice occurs in the same Journal, an abstract of a paper read

15th November, 1848, " On Oldhamia, a new genus of Silurian Fossils," by

J
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Edward Forbes, Palteontologist to the Geological Survey, in which the fol-

lowing sentences occur:

—

" These bodies (i. e. certain plant-Uke impressions) present the appearance

in most specimens of a central filiform axis, with fasciculi of short radiating

branches proceeding from its sides at regular intervals, or of branches of such

filiform rays without an axis. A close examination of them shows, that each

branch is formed of a series of articulations marking the j^ositions of minute

cells. The entire body presents a striking resemblance to the arrangement of

parts in certain Zoophytes, as in Sertularia cupressina, but also consistent vnth

those exhibited in many Bryozoa (Polyzoa), as in Gemellaria and Cellaria, an

alliance more in accordance with the minute structure. I propose the name Old-

hamia for these remarkable fossils in honour of their discoverer, who has in

them made us acquainted with what in all probability is a group of Ascidian

Zoophytes, or rather compound tunicated Mollusca, in stratified rocks of a very

early date."—vol. iv. p. 20.

I omit the rest of the abstract, as not bearing on the subject, and have itali-

cized those parts of this description to which I wish particularly to refer.

Two species of the genus thus published were subsequently distinguished

by Professor Forbes (but without description, that I can find), under the names

of Old. antiqua, and Old. radiata, and are to be found commonly in museums,

and also in catalogues of fossils under these names.

We now proceed to the subject of the afiinities of the group, omitting for

the present a detailed description of its characters.

Probable Affinities of Groups.

Professor Forbes, as will be seen from the extract given above, while

suggesting the possibility of either of two distinct alliances for these fossils,

obviously leans more strongly to that which supposes them to have been

Polyzoan molluscoids ; and, if I venture to dissent from an opinion put for-

ward by one deservedly of so much authority as an accurate and philosophi-

cal observer, it is solely because I have had more numerous and better

opportunities of studying these fossils than fell to his lot—having for the

past two years been making frequent, often nearly daily, examinations of the

rocks at Bray in which the fossils occur. I should state, also, that I had

VOL. xxiii. 4 c
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arrived at this conclusion as to their nature, long before I read Foebes's opi-

nion on the subject, or before I was aware of its existence, as my study of

the fossil was made in the field in the first instance as a mere amusement, not

with the object of either establishing or overturning any theories. I feel

strengthened in my opinion, as I find that every naturalist I have spoken to

on the subject, or shown my specimens to, since, seemed to be of the same opi-

nion. It must, at the same time, be confessed, that to bring forward any argu-

ment in favour of Hydrozoa over Polyzoa, which will appear conclusive on

paper, is a task of extreme difficulty. The distinctions between the two alli-

ances, though tangible enough to the practised eye, cannot be described in

such precise language as will be diagnostic to every reader; these distinctions

being only appreciable on a careful and patient comparison of the general cha-

racters of an obscure structure, which, owing to the similar mode ofgrowth in

the two groups of animals, is almost undistinguishable in the two cases ; and by

a cautious consideration of the true bearing on the general character of the

two groups, of those several points of structure which are yet appreciable.

This difficulty, need not cause any astonishment, when it is recollected that

but a few years since these two great groups, the Polyzoan Mollusc and the

Hydrozoan Acrite, were unhesitatingly classed together; and furthermore, that

even among recent species, widely different as the animals are in their structure,

and the relation of their organs, yet in many cases, so similar

is the arrangement of their parts, it is impossible to decide

a priori from the skeleton whether it is a Polyzoan or

Sertularian Hydrozoan which is under examination,—in

our present state of knowledge, a reference to the soft

parts alone enabling us positively to determine the ques-

tion.

If we compare Oldhamia antiqua (Fig. 1) with speci-

mens of Sertularia argentea, the resemblance is so close,

that some years since these would have been by palaeonto-

logists pronounced specifically identical. In fact, by embed-

ding in plaster the dried polypidom oiS. argentea dredged at

Bray, and from this artificial fossil taking a cast, I have ob-

tained casts which, in no respect, differ from the specimen

of Oldhamia, of which Fig. 1 is an engraving.

Fig. 1. Oldhamia anti-

qua:—erect polypidom ex-

hibiting alternate mode of

growth of fasciculi of

branchlets and ordinary

appearance of fossil. Be-

yond Brandy Hole, Bray

Head.
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After a careful examination of a great number of the recent Pulyzoa, I

have never yet met a species which approaches these fossil forms, Dor can I

perceive in Oldhamia the minute structure spoken of by Forbes as more in ac-

cordance with the Polyzoan alliance than the Hydrozoan. There is among

the collection of the Geological Survey of Ireland a fossil marked from the beds

at Carrickmount, but which is yet undescribed, and more like a Polyzoan than

a Sertularian
;
perhaps this may have been the specimen which was under

FoKBEs's eye when he penned those remarks. I have not described this till I

have seen more specimens, and know more about its locality, but it is certainly

unlike Oldhamia.

The mode in which these remains occur in matted masses may be seen

among the Sertularidte any day, but I am not aware that any such great grega-

rious assemblages of the Polyzoa occurs, at least among our recent species of

this form. This is, however, an argument of little moment. The places

in which it occurred also appear to have been similar to those in which Sertu-

larida3 of our day most love to dwell.

We shall next proceed to the consideration of the characters of the genus.

Mode of Occurrence and Generalities concerning Genus.

The species described by Forbes are so dissimilar in

appearance that it is questionable whether it would not

be more convenient to place them under separate genera,

especially as there is a second type like Old. antiqua,

which I propose to describe as distinct; Old. antiqua

(Fig. 2), and the undescribed form, for which I propose

the provisional name of " discreta," being furnished with ~ '

a distinct axis, from either side of which alternating fans
„f oMhaml "antiqua, exhibit-

of branches arise at regular intervals ; while Old.radiata ing enlarged summits of bramh-

(Fig. 3) is destitute of any central axis—its mode of ^^' ^^^

growth irregular, the branches springing from a common point, so that the po-

lypidom, flattened from above, is stellariform more or less regularly, according

as the axes are equal in length or not. The radial character of this form is

occasionally badly marked (Fig. 4), so that it has been surmised that two

forms were confounded under the one name ; but in our present state of know-

ledge it appears unadvisable to name this variety, as it is not more distinct

4c2
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tlian many forms of living Sertularidee which have been proved to be the

same. Intermediate forms between the two exist.

Fig. 3. OUhamia ratUata.—A cast. Bray

Head. The opposite side of this specimen ex-

hibits 0. antlqua.

Fig. 4. OUhamia aiiiigiM.—Creeping form. Gray-

stones, county of Wicklow.

In the manner of their occurrence, Old. radiata and Old. antiqua are simi-

lar. Immense beds, or series of beds, often several feet thick, as the section

Fig. 5. Slab of Oldhamia radiata, exhibiting the ordinary radial character of the animal, a, the elon-

gated form, and XY, the depth of the bed. Graystones, cotmty of Wicklow.



Dr. J. R. KiNAHAN 071 the Genus Oldhamia. 553

Explanation of Section.

1. Greenish-gray bed of closely compressed (?/(//iaHiia radiata,

12 inches thick.

2. Green compact quartzose grit, underlying greenish-gray

schist, OQ which it also rests ; 7 feet 7 inches thick.

3. Thin layer of Old. radiata, badly marked, lying on green and

red schists, which are interspersed with vertical and hori-

zontal Areoicolites, and gradually paas into red grit ; from «

18 inches to 2 feet 6 inches thick.

4. Red shale ; fine red micaceous gritty slate ; compact red

shale ; 9 inches thick.

5. Oldhamia radiata in series of beds from 0*25 inch to 3

inches, interstratified with compact red shale ; series of beds

15 to 24 inches thick.

6. Oldhamia radiata, in thin beds, interstratified with red shale

and green grit; 12 inches tliick.

7. Compact red grit, with traces "resembling coral ; 15 inches 3
thick.

8. Compact red shale ; 6 inches tliick. /

9. Red schist and Oldhamia radiata, in beds, passing into red

grit^ scattered fans of Oldhamia antiqita also rarely occur ^
here; 15 inches thick.

10. Grit, similar to No. 2. ^

Ct o, Oldhamia beds.

^-^— C c, Schist and slates.

O b, Quartzose grit beds.

d d, Shales.

^ f, Coralloid traces.

7

8

9

10

Vertical Section of Rock in neifihboiirhood of Periwinkle R/jcks. Bray Head, showing General Kelations, and
Lie of the Fosailiferous Strata. These beda are much distorted.
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given at page 553, taken near the Periwinkle Rocks, Bray, shows, the beds being

constituted of a matted mass of polypidoms. These are in layers, compressed,

and more or less intermingled with the substance of the rock, which varies

from a fine sandstone of extreme hardness and crystalline structure to a friable

shaly bed, with but little lamination. The best marked specimens and thickest

beds occur in the harder rocks.

The beds in which Old. antiqua occur are never of the extreme hardness of

those in which 0. radiata is found most abundantly. The beds are indiffe-

rently either red or green in colour. In the slialy beds, which, much softer in

texture, underlie the grit beds, the fossils occur only as scattered fans, or

broken and fragmentary filaments. In the denser beds the whole mass is so

compressed and intermingled as to render it impossible to make out more than

a confused radiating structure. Fig. 5 (p. 552) represents a specimen from such a

bed, in which, however, the fossil is better marked than usual ; the section at

the right-hand side of the plate shows the true thickness of the bed. Distor-

tion by means of cleavage occurs ; this is represented in Fig. 9 ; the woodcut,

however, gives but an imperfect idea of the specimen.

Old. antiqua does not, as a rule, occur in either as dense or thick masses

as the other species, and in many stations in Bray it merely, as it were, coats

the top of the beds, and even in the thickest series of beds it is seldom, if ever,

so abundant as regards specimens ; the beds in which it occurs also readily

separate into laminre. At Howth it is equally sparingly diffused in the slaty

beds in which it occurs at Puck's Rocks.

These facts would lead to the surmise that these were animals dwelling in a

sandy sea bottom, mud being obnoxious to their existence.

The species occur distinct, but beds of Old. antiqua are sometimes inter-

stratified between those of Old. radiata. One specimen, a quarter of an inch

thick, Fig. 3, upper surface, exhibits Old. antiqua with an odd star of Old. ra-

diata on one side, and Old. radiata on the other. Scattered fans of Old. anti-

qua sometimes occur, though rarely, in the beds of Old. radiata. So that it is

evident that the species lived under different conditions, Oldhamia antiqua in

the muddier seas, and least abundantly, and that hence the species have been

preserved distinct, exactly as at the present day, when two species of animals,

inhabitants of the same bay (but either dwelling in different depths, and, there-
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fore, subject to tlie action of different currents, or else in their greatest abun-

dance, or decay, at different seasons) will be found to abound among the drift

at distinct periods.

It is remarkable, also, that Old. antiqua, though the stations in which it

occurs are numerically nearly equal to those in which 0. radiata is found, yet

neither are the series of beds as well marked, nor the specimens, as before

stated, as numerous.

The beds in which the fossils of both species occur are remarkable for being

permeated by those long, rounded fossils to which I drew attention in a paper

read before the Geological Society of this city in November, 1856 ;* and sub-

sequently described more in full before the same So-

ciety, and also in a communication laid before Sec-

tion C, British Association, September, 1857 ;t and

then proved to have been the tracks of wandering

worms, and also of worms of a type probably allied to

the covamon Arenicola inscatorius. The openings of the

burrows of three of this latter type are figured in Fig. 6.

These annelidan tracks generally are most abundant in

the beds above the layers of Oldhamia, and sometimes

passing from the beds beneath these to the bed above

They afford a strong proof of the former organic nature

of these fossils, as the worms which formed them pro-

bably derived a great portion of their nourishment from

these decomposing zoophytes.

Fig. 6. Convolute polypidom,

Oldhamia antiqua.—The fasci-

culi of branchlets developed on

one side of axis only; three

pair of openings of burrows of

Arenicolites didyma (^Salter ?)

are shown. Bray Head, beyond

Brandy Hole.

DESCRIPTION OF GENUS AND SPECIES.

Oldhamia {Forbes).

Polypidom rooted, plant-hke, variously branched, stemmed, or the branch-

lets arising from a central point ; stems erect or creeping ; branchlets irregu-

lar, dichotomous ( ?) ; cells biserial, alternate or subalternate.

* Journal of the Geological Society of Dublin, vol. vii., p. 184, Plate v.. Figs. 1, 2, 3, 4, 5:

— " On Annelidoid Tracks in the Rocks of Bray Head."

j- Journal of the Geological Society of Dublin, vol. viii., p. 68, Plate vii., Figs. 1,2:—" On the

Zoological Relations of Bray Head and Howth, with an Account of the FossUs of Irish Cambria."
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Oldhamia antiqua (Forbes). Figs. 1, 2, 6, 7.

Polypidora cauliferous ; stem percurrent, sub-flexuous, filiform ; furnished

with short fan-shaped branchlets, arranged at regular intervals ; branchlets

straight, very slightly sub-flexuous, few in number ; cells biserial and alternate.

Locality: schist rocks, Bray, Graystones, Carrickmount, county of Wicklow

;

Howth, county of Dublin.

Two varieties of this are figured: Figs. 1, 2, 6, represent the ordinary form

;

the fans are far apart and distinct, and their secondary axes few in number,

somewhat dichotomous ; the cells which constitute them well marked.

The second variety (Fig. 7) is often mistaken for a

state of Old. radiata, but is readily distinguished by the

presence of the central axis. In this the fans are closely

crowded, their terminating cells broader than the basal

ones, so that in some specimens these are quite club-

shaped ; the secondary axes are numerous, much more

so than in the other form. All the specimens figured are

from Bray Head. ,, , .„, , m*' rig. 7. Oldltamia a>ttiqim(^;)

The specimens from Howth differ in some respects exhibiting closely crowded fas-

irom those at Bray, and may be a distinct form. The '^'"^"''' ^""^ -"merous branch-

secondary axes are broader, markedly so towards their

tips ; the fans few rayed, far apart, and patent. Fine specimens may be seen

in the Geological Survey Collection at the Museum of Irish Industry. The

same foi-ni occurs at Carrickmount Eeilly, county of Wicklow. The speci-

mens of this species which occur scattered through the red shale at Bray are

much finer in texture than any of the varieties described.

Among the specimens collected by the ofiicers of the Survey, some years

ago, at Carrickmount, county of Wicklow, are several, occurring in a yellow

schist, which are so different from any of the varieties of Old. antiqua, that I

propose to describe it as specifically distinct, provisionally, as follows:

—

Oldhamia discreta (n. s.).

Polypidom cauliferous ; stem percurrent, filiform, furnished with densely

crowded alternate fans of branchlets ; branchlets flexuous, dichotomous, very

numerous, filiform ; cells biserial, alternate, strongly marked.
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This form differs from Old. antiqua in its more crowded fans of branchlets,

whicli nearly completely conceal the stem, the branchlets are flexuous, but

at the same time more delicately filiform ; tlie whole polypidom, in short, more

delicate.

The distinctions between the two are similar to, but much more markeil

than, those between well-marked specimens of Serlularia argentea and Sertula-

ria cupressina. However, in instituting this comparison it should be borne

in mind that Oldhamia antiqua approaches in appearance Serf, argentea more

closely than Sert. cupressina, Old. discreta being even finer than Sert. argentea,

and not resembling Sert. cujjressi7ia.

No forms intermediate between Old. ayitiqua and Old. discreta have oc-

curred to me, which confirms the idea of their being distinct. Badly marked

specimens of Old. discreta cannot without difficulty be distinguished from some

forms of Old. radiata. The best marked specimens I have seen are those in

the geological collection already referred to ; but I believe I have met the

species myself at Graystones, in the railway cutting, where the form to which

I would restrict the name of Old. antiqua also occurs, but rare.

Oldhamia radiata {Forbes). Figs. 3, 4, 5, 8, 9, 10.

Polypidom gregarious (?) ; many branched ; branchlets arising from com-

mon point ; cells biserial, alter-

nate, branchlets (o) dichoto-

mous, arranged in form of a star;

(^) (Fig. 4) branchlets irregu-

lar, patent, markedly dichoto-

mous, thickened at the ends, the

whole polypidom creeping.

Oviferous capsules (?) axillary,

elliptical. Locality : Bray, Gray-

stones, Co. Wicklow.

There are many well-marked forms of this, but intermediate forms con-

nect them with each other. Figs. 3, 5, 8, 10 exhibit the ordinary and most

typical form.

Fig. 8. Oldhamia radiata.~Ox^\n-iry inTm. Br.ay Head.

VOL. XXIII. 4d
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Sometimes in place of the branchlets proceding from the same point, the

whole polypidom is lengthened upwards, but without a central axis, resembling

Sertularia operculata among recent species. When the branchlets are much

divided, this form might be mistaken for Old. antiqua ; a badly marked specimen

of it is seen near the letter X on the slab figured as No. 5.

Sometimes a single branch is elongated, as is seen in Fig. 10 ; this form

proves the necessity for uniting the well-marked variety just described, and the

typical form. In the variety figured at {a) (Fig. 5), the cells are simply

placed end to end, witliout any branchlets, and the whole polypidom is long

and unbranched ; this stem sometimes, as it were, breaks out into branchlets,

which are then arranged in a stellariform manner. I think it probable that this

form was creeping. An interesting modification of this is, that in which the

unbranched axis springs from the centre of one of the ordinary typical speci-

mens, and then itself bears a star on its summit ; workers among recent species

are well acquainted with similar, as they are called, proliferous polypidoms,

especially among the Sertularian Hydrozoa.

There is yet another remarkable form, indicated as form (^) in the descrip-

tion of the species, viz., that in which (Fig. 4) the polypidom is procum-

bent and repent ; the dichotomous branchlets developed numerously along one

side, but with great irregularity, these branchlets being markedly dichotomous,

also much thickened at the ends. The intermediate forms forbid tliis being

separated from the type except as a variety,—especially as similar differences,

as before remarked, exist between forms of recent species.

Distortion, probably arising from cleavage, in this as in other fossils, exerts

occasionally a remarkable influence over form. One specimen is figured

( Fig. 9) from a much contorted red schistose bed at Bray.

In certain specimens, as, for instance, that figured as Fig. 10, in the axils of

the cells, of which the branchlets are composed, occur certain elliptical bodies,

best seen in the casts of the fossils : these I am inclined to believe are oviferous

capsides ; tliey are rare, and still more rarely well marked
;
probably, when

attention is called to them, they may be better made out. I have not met them

as well marked in Oldhamia antiqua., but traces of them occur.

The remarkable diflerences in physical characters between the beds in which

Oldhamia radiata occurs, and those in which alone Oldhamia antiqua is met
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with, has been already referred to, and point, as there stated, to a very different

character in the sea bottoms, of which eacli was an inhabitant. The non-occur-

FlG. 9. Oldhttmia aniiqua.—The

elongated form still further drawn out

by cleavage. From Bray Head.

Fig 10. Oldhamia antiqva.—Two polypidoms overlapping, exhibit-

ing central axis, elongated branchlcts, and oviferous capsules. Gray-
stones,

rence of the former species at Ilowth may be thus accounted for. The beds

there, few in number as they are, in which I succeeded in detecthig Oldhamia

aniiqua, are all soft slate, splitting readily into thin laininse, such, in short, as

would result from a muddy deposit. The rock in which the Carrickmount

Reilly specimens are embedded is similar in character ; and all the specimens

thence are either Old. antiqua, or Old. discreta ; if Old. radiata exist there, I

would not expect it should be got in these beds. This difference in habitat is

a point which might be worthy of consideration with regard to the division of

the genus.

There is a state of Old. radiata which is frequently, in museums, mistaken

for Old. antiqua, where the stars overlap one another in a sort of alternate man-

ner
;

the absence of the median axis and the irregularity of the branchlets

may distinguish it.

Some have, on a hasty examination of an imperfect series of specimens, sug-

gested that probably the two species established by Forbes are really but one.

An examination of the fossils in position in the field will show the absurdity of

this idea ; the differences between the two becoming more and more evident on

examination of a lengthened suite of the fossils, as this enables us to define the

4d2
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limits of each accurately, and to refer to their proper respective types the appa-

rently intermediate forms, which might otherwise tend to confusion.

I have entered with some prolixity into many of the points connected with

these fossils, as, owing to the compai'atively limited district in which they are

found, most paleontologists have had but little opportunity of stixdying them

in the field, and hence probably has it arisen that this genus, from its geologic

position one of the most interesting we possess, has not been long ere this fully

described, although probably there is no fossil known which is so easily ob-

tained, occurs in such masses, or tells the history of its mode of life in more

unmistakable language. For a similar reason I have figured the species at some

length, the only species unfigured being that for which I have proposed a new

name, and of which it is nearly impossible to render the distinctive characters

in a woodcut.

One other conjecture relative to the origin of these fossils should be ad-

verted to. Some have suggested that they may have been sea plants. This

opinion is now, I believe, abandoned by every one who has had an opportunity

of e.xamiiiing the fossils in situ; and furthermore, as has been shown, their ani-

mal connexion bears the stamp of the judgment of one of the greatest and most

philosophical naturalists of modern days, Edwakd Forbes.

I have not adverted to the opinion of Continental writers, as these are ne-

cessarily most of them taken at second-hand from the description of the Eng-

lish authorities ; but I may mention that I find from Barrande that in Germany

the possible vegetable nature of the fossil is considered an open question.

D'Orbigny has declared for its animal nature, and the other opinion probably

but awaits the general diffusion of typical specimens to entirely vanish.

The figures of this species hitherto published are most of them either ideal,

or else copies one of another, and are so scanty in detail that they are with

one or two exceptions hardly worth notice. Sir Roderick Murchison, as

already stated, gives a characteristic figure of Oldhamia antiqua (" Siluria," p.

180, 3rd ed.) Sir Charles Lyell has figured both species (" Manual of Ele-

mentary Geology," 5th ed., p. 453); it has been also figured in some of the

American books on the subject of geology.

In describing Oldhamia radiata it will be remarked that no comparison

has been instituted between it and any living type : in fact, I do not know any
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which comes as close to this species as Sertiilaria argmtea approximates Oldha-

mia antiqua, none of the Sertularidre growing in that regular stellariform man-

ner except one or two creeping species ; but in that case some traces of the

body to wliich the polypidom was attached ought to have been found ;
unless,

indeed, this is a species growing free at the surface of the water, which appears

a most improbable supposition. There are, I am aware, a few species of creep-

ing Polyzoa, which have a mode of growth somewhat resembling 0. radiata,

but it appears to me that Old. antiqua must have been a Sertularian, and it is,

therefore, more probable tliat Oldhamia radiata was so also.

There remains now but to sum up in brief the points established in the

review of this genus, which are:

—

In the schist rocks of the Irish Cambrians, beds occur of considerable

thickness, traceable continuously for many hundreds of yards, which are com-

posed almost entirely of the polypidoms of an extinct Sertularian which occurs

in connexion with other extinct aquatic types, such as Annellids, Mollusca (?),

and Asteroid Polyps ( ?).

That these fossils, judging from the almost absolute identity of one of them

with the polypidom of a living Sertularian type, are more probably the polypi-

doms of extinct Ilydrozoa than cosncecia of Polyzoa. And

—

That judging from their state of preservation, their mode of occurrence in

enormous masses, and the nature of the rocks in which they occur, they were

originally the inhabitants of a comparatively still sea, and depo.sited by a gentle

current on the shores of a shallow sandy bay.
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On the Lower Palaeozoic Rocks of the Soutk-East of Ireland, and their

Associated Igneous Rocks. By J. Beete Jukes, M A.^ F. R. S., 4"C. ^r., and

the Rev. Professor Haughton, MA., F. T. C D., F. R. S., S,-c., ^-c.

Read April 26, 1858.

INTRODUCTION.

IHE following Paper is divided into two separate portions: one, Geological;

and the other, Mineralogical. The first is written by Mr. Jukes, the second

by Mr. Haughton, both of whom visited together many of the most important

localities described.

Sir Richard Griffith contributed some of the information and speci-

mens connected with Arklow and West Aston. The Rev. Professor Jellett

generously placed at Mr. Haughton's disposal the sum of twenty guineas, by

means of which the expenses incidental to the chemical analyses of the rocks

described in the second part of the Paper have been defrayed. The Council

of the Academy also allowed a sum of £20 for the purpose of illustrating Mr.

JuKEs's portion of the Paper.
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PART I.

The Geological Relations of the Lower Palaeozoic Rocks.

By J. Beete Jukes, M. A., F. R. S., &c. &c.

Page.

I. Stratified Rocks oe Fobmations, 564

II. Igneous Rocks, 567

III. Period of Action of Disturbing and Denuding Forces, 570

IV. Position and Lie of the Rocks, 572

A. The Wexford Cambrian District, 573

B. The Cambrian district of North Wicklow, 574

C. The Howth Cambrian District, 575

D. The Cambro-Silurian Area of Wicklow, Wexford, and Waterford, 575

E. The Cambro-Silurian Area of Kildare and Wicklow, 582

F. The Main Granite Area, 583

G. The Carnsore Area, 585

V. Cleavage, 586

The district which we propose to describe consists of the two counties of

Wicklow and Wexford, with the adjacent parts of the counties of Dublin, Kil-

dare, Carlow, Kilkenny, and Waterford. It is defined on the land side by an

irregular line running from Howth Harbour to Ballyvoyle Head near Dungar-

van, that line forming the boundary between the upper Palaeozoic formations

on the one hand, and the lower Palaeozoic rocks on the other.

I. Stratified Rocks or Formations.

The lower Palgeozoic rocks of the south-east of Ireland belong to two geo-

logical periods—the Cambrian, and the Cambro- (or Lower) Silurian.*

1. The Cambrian rocks consist of a great series of alternations of sand-

stones, or gritstones, and slates, having a total thickness of many thousand feet.

• We think it advisable to adopt the distinctive term Cambro-Silurian (first suggested by

Professor Phillips), in order to show that it is very distinct from the (so-called) Upper Silurian,

and that they are not mere subdivisions of one formation, like upper and lower Lias, or upper

and lower Chalk, but as distinct as Carboniferous is from Permian, Oolite from Cretaceous, &c.

1
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The colours of these rocks are dull green and dull red, ofmany various shades,

sometimes passing into yellow, brown, or purple.

Great beds of dull yellow or brown quartz rock are locally interstratified

with them.

This series contains a peculiar, although a very scanty, assemblage of fossils,

consisting of some small impressions of radiated Zoophytes, called Oldhamia by

Professor Edward Forbes, and some very well-marked holes and impressions,

left by Annelids of two kinds, one called Histioderma by Dr. Kinahan, and the

other Arenicolites by Mr. Salter.

2. The Cambro- (or lower) Silurian rocks are likewise many thousand

feet in thickness, consisting principally of an earthy clay slate, of a dark gray,

blue or black, colour, occasionally becoming green or red, or variegated-

Thin fine-grained gritstones are often interstratified with these slates, and occa-

sionally a small assemblage of more thickly bedded grits may be seen, never,

however, attaining the dimensions of those which are frequent in the Cambrian

rocks. No beds of quartz rock are to be found interstratified with the Cambro-

Silurian series, but large masses of contemporaneous trap (chiefly felstone) ac-

companied by beds of trappean ash, are to be seen in it, associated with other

igneous rocks of an intrusive character.

Speaking generally, the Cambro-Silurian rocks of the south-east of Ireland

contain but few fossils, but in particular localities fossils occur rather abundantly:

those localities always being in situations which show them to belong to the

central or upper parts of the series rather than to the lower.

The species of fossils found are such as prove the fossiliferous beds to be

of the same age as those of the Bala and Caradoc series of North "Wales, tlie

paljeontological evidence being thus in precise agreement with that to be de-

rived from lithological structure.

The following lists of fossils will demonstrate this:

—

1. From Slieveroe, near Eathdrum, county of Wicklow.

Stenopora fibrosa. Tentaculites annulatus.

Chajtetes petropolitanus. Calymene Blumenbachii.

Orthis testudinaria, 0. Actonijc. Homalonotus bisulcatus.

Leptaina sericea. Beyrichia complanata.

Euomphalus perturbatus. Trinucleus concentricus.

VOL. xxiir. 4 E
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2. Carrickadaggan, county of Wexford.

Orthis Actoniffi, O. elegantula. Trinucleus seticornis, T. concentricus.

Echinosphgerites aurantium. Lichas Hibernicus.

Cybele arenosa, C. verrucosa.

3. Newtown, county of Waterford.

Orthis simplex, 0. subrotundus, O. ele- Illcenus Bowmanni.

gautula. Ampyx mammillatus.

Ogygia Portlockii.

i. Tramore, county of Waterford.

Orthis parva. Cybele verrucosa.

Strophomena grandis. Phacops Brongniarti.

Calymene Bluraenbachii? (? duplica- Encrinurus intermedins.

tus). Remopleurides dorsospinifer.

Acidaspis Jamesii (or bispinosus).

Beneath the beds which contain those fossils is a great thickness of other

similar beds devoid of fossils. It is possible, perhaps probable, that these lower

beds are of the age of the Llandeilo flags of Wales.

Whether there be any part of the series corresponding in age to the still

lower group of the Lingula flags is yet more doubtful.

If the Lingula flags be altogether absent from their proper place between

the Cambrian formation and the Bala part of the Cambro-Silurian series, their

absence may be accounted for in the following manner:

—

In North Wales, where the Lingula flags are present, there is apparently

a perfect conformability from the Cambrian rocks up to the Bala beds: in

Wicklow, on the other hand, there is a complete unconformability between

the Cambrian formation and the black slates of the Cambro-Silurian series.

In the hills a little west of Ashford, the dark gray or black slates of the

Cambro-Silurian series may be seen stretching across the upturned and de-

nuded edges of a series of purple slates belonging to the Cambrian, and probably

to the lower part of the Cambrian series.

Tlie interval thus proved to have been occupied by a destructive action

over tlie area which is now part of the county of Wicklow may have coincided,

in whole or in part, with the interval occupied by forces of production in the
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deposition of the Lingula beds over the area which is now contained in the

counties of Carnarvon and Merioneth.*

II. Igneous Rocks associated with the two Formations mentioned above.

Although the Cambrian formation of our district contains large exhibitions of

quartz rocks, which are believed to be sandstones altered by heat (whether dry

or accompanied by water or steam), it is remarkable that it hardly ever has any

true igneous rock associated with it.

A boss of epidotic greenstone a little south of Roundwood; a small vein of

highly crystalline hornblendic greenstone at Graystones, county of Wicklow; a

similar one at Cahore Point, county of Wexford; and a few small veins or dykes

of greenstone about Howth Hill, are the only igneous rocks that have been ob-

served in the Cambrian areas of our district.

No locality, either, is known in our district where Cambrian rocks can be

seen in immediate contact with granite, nor even in very close proximity to it.

The case is very different with regard to the Cambro-Silurian formation.

It has been already said that this contains a large assemblage of contempora-

neous traps. These are principally felstones; they ai'e known to be contempo-

raneous partly by their bedded character and their analogy with contempora-

neous traps elsewhere, partly by their being always associated with large masses

of " ash," which occasionally become brecciated or conglomeritic, containing

small and large, angular and rounded, fragments of trap and of slate, embedded

in a fine, sometimes pulverulent, felspathic base.

There is, indeed, almost every gradation to be found, from a black slate into

a gray, from that into a pale gray or green slightly felspathic slate, with a soapy

feel; from that into a fissile " ash" or slate composed entirely of felspathic ma-

terials (with or without fragments of other rocks), and from that into a hard

compact felstone, with shining facets of felspar crystals; and thence into a crys-

talline felstone, in which crystals of both felspar and quartz make up the mass

of the rock.

This latter highly crystalline felstone may often be intrusive, or partly intru-

sive and partly contemporaneous, and there are somewhat similar rocks which

* See Paper in vol. Ti. of "Journal of Geological Society of Dublin," by Messrs. Jukes and

Wtley, " On Structure of North-Eastem Part of the County of Wioklow."
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occur always as intrusive veins or dykes, forming the " elvan" dykes, which

pass directly into a variety of granite.

Associated with the contemporaneous felstones and ashes are large masses

of greenstone of several kinds, which appear from their irregularity of outline

to be of more exclusively intrusive character than the felstones. Some of the

associated " ashes," however, resemble those of greenstone rather than of felstone,

rendering it probable that some at least of the greenstones are likewise of con-

temporaneous formation. Other masses and veins of greenstone also occur, at

a distance from any other igneous rocks, and clearly of subsequent and intru-

sive origin.

Besides these, which we may call, for distinction's sake, trap rocks, granite

also occurs largely in our district :

—

1. As a large connected mass, exhibiting a great continuous surface, and

completely independent of any other igneous rock :

2. As a number of small detached masses appearing here and there at the

surface, in more or less connexion with, or at least in near proximity to, the

trap rocks :

3. At the south-eastern extremity of our district, forming apparently part

of another considerable independent mass, a great portion of which, however, is

covered by the sea.

All the cranite now to be seen at tlie surface is of intrusive character and

of later date than the lower Pala30zoic beds with which it comes in contact,

as is proved by its sending veins into them, and by its having converted them

into metamorphic schists.

We may, however, perhaps, be allowed to speculate on the probability of

molten granite having existed at no inaccessible distance beneath the surface,

during the deposition of the Cambro-Silurian rocks, and look upon the contem-

poraneous felstones as being the superficial products of this molten granite,

ejected either into the air, or into the seas, of those days.

If it could be shown that the beds penetrated by the small detached masses

of granite mentioned above are considerably lower than the beds in which

the contemporaneous felstones lie, we might, perhaps, be pardoned for suspecting

that these detached bosses of granite formed part of the original molten mass

from which the flows of felstone proceeded. In this case we might look upon

the elvaus, perhaps, as the pipes or feeders along which the molten matter tra-



Lower Palceozoic Rocks of the South-East of Ireland. 569

veiled from the more deeply seated portions towards the surface. This view,

however, is opposed by the fact that in no case can any direct connexion be

now traced between the granitic masses and the felstones, and that, although

the elvans are certainly most numerous in what we believe to be the lower beds,

yet they never traverse those beds directly across for any great distance, but

always run in lines parallel to the main strike of the rocks. They would seem,

therefi.-ie, either to have been injected as horizontal sheets in among the beds

before they were disturbed, or else as vertical or highly inclined dykes during

or after the action of those forces which tilted the beds into their present highly

inclined positions.

With regard to the main mass of granite, it would appear that subsequently

to the deposition of the whole of the Carabro-Silurian rocks, some force acting

from below caused this to swell upwards and intrude to some extent into the

body of the rocks above. This upward intrusion of the granite would doubt-

less be accompanied by an elevation and an arching of the rocks above it, and

indications are not wanting to make it probable that there was a simultaneous

depression and sinking in of the rocks on each side of the elevated district.

It appears also probable that the surface of contact of the granite and the

rocks over it was a very uneven and irregular one ; that not merely were there

dykes and veins of molten granite injected into the adjacent rocks, but that its

general outline was very irregular, large ridges, domes or mounds of granite,

protruding upwards into the rocks above, with corresponding hollows, furrows,

or basins, into which portions of the superincumbent rocks would necessarily

settle down. Hence arise the present rather irregular outlines of the surface

boundary of the granite and altered slate, and the detached patches of mica slate

to be seen in the granite, and, as it were, dipping down into it. Sometimes this

relation of position is carried so far as to produce the appearance of interstra-

tified beds of granite and mica schist, alternating with each other, as described

by Mr. Weaver.*

Metamorphic Action of the Granite.—One result of this intrusion of the gra-

nite has been already alluded to, namely, the metamorphism produced on the

rocks in the immediate neighbourhood of the granite. Our district affords ad-

mirable opportunities of studying this action to any one who has time to examine

some large portion of it closely. Micaceous schists are always found in contact

* " Transactions of the Geological Society," vol. t., first series.
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with the granite, sometimes, though rarely, passing into gneiss ; and often full

of crystals of schorl, andalusite, and other minerals. As we recede from the

granite, this crystalline character of the schist disappears, and finally fades away

into that of the ordinary dull argillaceous slate of the rest of the country. The

change from crystalline schist into clay slate is sometimes spread over the space

of one or two miles ; sometimes takes place within one or two hundred yards.

The altered character is always more extensive on the S. E. margin of the

main mass of the granite than on the N. W. side, owing probably to the more

rapid descent of the granite on the latter than on the former, since it often ap-

pears to undulate for some distance towards the S. E. at no great depth beneath

the surface of the ground. The alteration along the edges of the smaller

bosses of granite extends for a much less distance than that near the main mass

—the extent to which metamorphism has reached always bearing a direct and

obvious relation to the mass of the granite which has produced it.

III. Period of the Action of Disturbing and Denuding Forces.

During the time when this intrusive and metamorphic action of the granite

was going on, the rocks were, doubtless, being affected by some of those forces

of dislocation and disturbance, which then or afterwards tilted them into their

present highly inclined positions, and communicated to them their present strike.

It would be difficult, perhaps impossible, to determine whether the cooling and

consolidation of the granite took place early in this period of disturbance, or

was deferred till towards its close ; and equally difficult to determine, perhaps,

what share the expansion from the heat of the granite alone, or the contraction

consequent on its cooling, had in causing these disturbances.

We may, however, feel pretty certain that this cooling and consolidation were

complete before the action of those denuding agencies had proceeded to any

great length, which afterwards caused the granite to appear at the surface

Everything we know or believe of the formation of granite compels us to sup-

pose that at the period of its consolidation from a mass of molten matter into a

crystalline rock it was still covered by at least some thousands of feet of other

matter. The great covering of Cambro-Siliu-ian rock, which still reposed upon

the granite of the Dublin and Wicklow mountains after that granite was con-

solidated, must, of course, have been removed by an action of denudation of the

same kind as that which has exposed at the surface of the earth the once deeply
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seated rocks of all other localities. It is, however, remarkable that in oiir dis-

trict this amount of denudation had not only been begun, but almost completed,

at a very early geological period, namely, before the commencement of the Car-

boniferous period.

The bare granite formed the floor of the sea in which the beds of Old Red

Sandstone and Carboniferous Limestone were deposited, and the surface of the

ground of the islands which rose from that sea
;
just as bare granite would now

form the bottom of the sea and the surface of the islands, if the Carboniferous

rocks were stripped off, and the country depressed again a few hundred feet

beneath its present level.

The present surface of the ground in our district is in many parts a very old

surface; it existed very nearly in its present form before the deposition of the

Old Red Sandstone. It was, however, once much more covered by an extension

of the beds of the Old Red Sandstone and Carboniferous Limestone than at

present ; as is proved by the existence of some outliers of those rocks beyond

their general boundary. The most remarkable of these outliers is a patch of

Carboniferous Limestone resting on Cambrian rock, at Taghmon, in the county

of Wexford, six or seven miles from the nearest boundary of that formation.*

It is indeed probable that the present outline and contour of the ground of

the ivhole of our district was very nearly what it is now, before the period of the

Old Red Sandstone, any subsequent erosion and denudation having been very

slight compared with that which had taken place previously to that period.

It follows from this, that, however intrusive some of the igneous rocks of the

Lower Palasozoic district may be, and however much younger than the aqueous

rocks with which they are in contact, yet, as there is nothing to warrant us in

supposing them to have had an origin subsequent to the process of denudation,

the whole of them are older than the Old Red Sandstone.

The Lower Palteozoic district must doubtless have partaken to some extent

of the subsequent movements of disturbance which have affected the upper Pa-

leozoic rocks of the immediate vicinity, and may have been more or less shaken

and dislocated by all the disturbing influences that have vibrated through this

portion of the globe since the Cambro-Silurian period. It must also have suf-

fered to some extent by the denuding action which has swept away so large a

portion of the Upper Paleozoic rocks from the immediate neighbourhood. One

* See " Journal of the Geolosical Society of Dublin," vol. vi. p. 178.
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or two coats of greater or less thickness may have been removed from the

hills; the present valleys may have been excavated from between those hills; the

ravines and water-courses that traverse their sides may have been graven on

them ; the present plains may have had their surfaces ground down to a little

greater depth—in fact, a skin of a few scores, or in some places a few hundreds,

of feet in thickness, may have been subsequently removed from the country.

Nevertheless, the main fact remains, that the principal part both of the denuda-

tion and of the elevation and inclined position of the rocks of our district, had

been produced previously to the deposition of the Carboniferous rocks, inas-

much as the latter repose at low angles, and in comparatively undisturbed posi-

tions, on the uplifted and eroded edges of the former.

It would seem probable also, from the absence of all formations of an age

intermediate between the Carboniferous and the Pleistocene, that our district

remained tranquilly above water during all the secondary and early tertiary pe-

riods, and was only once more bodily depressed below the sea at some late ter-

tiary period.

IV. Position and Lie of the Rocks.

Although the denudation of the country had been nearly or entirely com-

pleted at so early a date, nothing is more remarkable in our district than the

extent to which it has proceeded. Notwithstanding the very highly inclined

position of the beds, and their numerous and large flexures and contortions,

and notwithstanding the hardness and toughness of the materials of which they

are chiefly composed, so greatly have they been denuded and worn down in

order to produce the present surface of the ground, that they rarely form any

continuous ranges of hills, or any other prominent external features, which

assist us in drawing conclusions as to the position of the beds below the sur-

face. Almost the whole of the county of Wexford is low, gently undulating

ground, thickly and widely overspread with " drift;" and although Wicklow is

more hilly, yet the hills composed of stratified rock are generally rounded and

isolated mounds, separated by wide valleys, and low grounds, in which " drift"

and superficial matters are largely accumulated. Good continuous sections,

therefore, across the strike of the beds, or continuous exposures of rock ranging

along the strike, are almost entirely wanting, and we have chiefly to trust to the

collocation ofmany single detached observations for arriving at any knowledge as

to the thickness of the formations, or the composition of their several portions.
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The granite hills, indeed, seem at first view to be an exception to the above

statement, since they form a continuous range of lofty land over a part at least

of the district; but even this rock has been so largely denuded as to form a •wide-

spread expanse of low ground in the county of Carlow; and the broad valley

of the Slaney cuts right across it, separating the granite hills of the Dublin and

Wicklow Mountains from those of Mounts Leinster and Blackstairs on the bor-

ders of Wexford and Carlow.

In examining the position and lie of the rocks, therefore, our conclusions

will principally be drawn from observing the boundaries of the several forma-

tions, and the directions of their subordinate groups of rock, as laid down on the

maps, or from the collection and comparison of separate data, rather than from

direct observations in the field.

The district divides itself naturally into seven areas that admit of separate

description: three composed of Cambrian rocks; two of Cambro- Silurian; one

of Granite ; and one partly of Granite, and partly of Cambro-Silurian

rocks.

The Cambrian areas are:—A, that of "Wexford; B, that of N. Wicklow;

and C, that of Howth.

The Cambro-Silurian areas are :—D, that of Wicklow, Wexford, and Water-

ford; E, that of Kildare, Wicklow, and Dublin.

The Granitearea isF, that which stretches from Dublin Bay to near New Ross.

The remaining area, G, is that south of Wexford Harbour, which we may

call the Carnsore area.

A.

—

The Wexford Cambrian district stretches from the east point ofBannow

Bay to Roney Point, three miles south of Courtowu Harbour, its total length

being thirty-six miles. It forms the Forth Mountain district near the town of

Wexford, where it has a surface width of about seven miles, and attains, as its

highest elevation, an altitude of about 700 (697) feet above the sea. Except

on the Forth Mountain tract, it forms generally a low, gently undulating country,

entirely covered by thick masses of sand, gravel, and marl, the Cambrian beds

being only seen in detached quarries, or in low cliffs on the sea-shore, or on the

banks of the Slaney for a few miles above Wexford.

Where seen, these beds are always found to be greatly contorted; the most

frequent strike, however, being nearly N. E. and S. W. The north-western

VOL. xxm. 4 F
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boundary of the area, as drawn on the map, has an average direction of N. 42° E.,

which may be considered as N. E. and S. W.
B.

—

The Cambrian district of North WicUow commences about four miles

north of Rathdrum, and extends to the valley of the Dargle at least, having a

length of seventeen miles, and a width of seven or eight. Its western boundary,

although rather irregular, has a strike of about N. 27° E. (nearly N. N. E. ), whilst

its south-eastern boundary, which is, however, believed to be a fault, runs

N. 53° E., or N. E. ^ E.

This district forms a much greater extent of lofty ground than that of "Wex-

ford, having several hills of more than 1000, and one, namely the Great Sugar

Loaf, of 1660 feet in height.

Its beds, accordingly, are often well seen, and several good sections, such as

that of Bray Head, that of the Rocky Glen near Kilmacanoge, and those of Glen-

ran, the Devil's Glen, and other places near Ashford, are to be seen in it.

In these and other sections continuous series of beds, several thousand feet

in thickness, are shown, and the more conspicuous members ofthem may some-

times be traced across the country, continuously along the strike, for two or

three miles, preserving the same dip and strike for that distance pretty steadily.

In every case, however, it has been found impossible to follow them out for

a greater distance ; sudden and entire changes in the beds occurring, probably

in consequence of great faults; or else an utter change in the direction both of

dip and strike, and a confusion in the position of the rocks, arising apparently

from numerous and complicated folds and contortions, combined with disloca-

tions, so that, even if all the rocks were bared for an inspection, it would appa-

rently be quite impossible to disentangle the confusion.

The most probable conclusions at which we can arrive from the study of

these two Cambrian districts is, that in each case the lower beds are on the south

and east, and the upper ones on the north and west, but even this vague con-

clusion is a very uncertain one. (See Sections 1 and 2.)

Two small slightly detached districts of Cambrian rock are to be mentioned

in North Wicklow, the one forming Carrick Mountain, on the south-east of the

area B, and the other making Carrickgolligan on the north-west of it.

The south-easterly one commences a little south of Ashford, and is six miles

long, and not quite a mile in its greatest breadth. Carrick Mountain, 1260 feet

in height, is its loftiest point. Both its beds and boundaries strike N. 53° E.
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parallel to the south-eastern boundary of the adjacent main district. The beds,

which consist of quartz rock interstratified with brown and purple slates, are

apparently vertical, or nearly so.

The north-westerly outlier is much smaller, being not more than a mile and

a half long, by a third of a mile in width. It is called Carrickgolligan on the

Ordnance map, but is also known as Shankill. It rises to a height of 912 feet,

both beds and boundaries striking N. 42' E., or N. E. and S. W.
C.

—

The Howth Cambrian district is nearly circular, and from two to three

miles in diameter. It consists of great beds of quartz rock interstratified with

green grits and green and purple slates. The beds are always highly inclined,

but strike in such various directions with so much contortion and confusion as

to render any further general statement as to their position impossible. They

may be seen crumpled in a most remarkable way on the little island of Ireland's

Eye, with the black slates of the Cambro-Silurian series obviously unconform-

able to them.

The irregularity and confusion to be observed in these Cambrian areas, and

the impossibility of reducing them to order, and determining the original posi-

tion and total thickness ofthe beds, arises, doubtless, from the number and mag-

nitude of the disturbances by which they have been affected. When we recol-

lect that they were already highly inclined, and greatly denuded and disturbed,

before the deposition of the Cambro-Silurian rocks, having perhaps a general

strike quite different from that subsequently impressed upon the district; and

that, after the Cambro-Silurian beds were deposited horizontally across the

edges of these highly inclined Cambrian rocks, both were affected by disturbing

forces which have set the Cambro-Silurian rocks themselves into highly inclined,

often into vertical, positions, and affected them with great dislocations, and

probably with many complicated flexures,—we shall be at no loss to imderstand

the difficulty of the attempt to unravel the confusion thus produced in the

older of the two formations.

D.

—

The Cambro-Silurian area of Wicklow, Wexford, and Waterford, is the

largest and most interesting of the seven into which our district is divided
;

and might be said to include areas A and B. It is more than 100 miles in

length from Killiney to Ballyvoyle Head, with an average width of fifteen or

twenty miles.
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If we examine the map, and observe the nearly straight north-west boundary

of the Wexford Cambrian district, A, which, as before said, runs nearly true

N. E. and S. W., we should see, at a distance of five or six miles from this boun.

dary, and almost exactly parallel to it, a band of trappean rocks. These are the

contemporaneous felstones mentioned before, together with a number of intru-

sive greenstones and other trap rocks.

In the intermediate band of country between the Cambrian boundary and

these bedded trap rocks, we should find slates dipping in various directions, but

generally either N. W. or S. E., and always at angles of 70" or 80°, if not at 90°,

or vertical.

The only nearly continuous section is to be seen along the shore of Wexford,

N. and S. of Courtown Harbour; and, judging from that and from other evidence

elsewhere, we should say that the greatly contorted and minutely folded and

crumpled Cambrian rocks are succeeded on the N. W. by thicker masses of Cam-

bro-Silurian black slate, lying in very highly inclined and often vertical positions,

and thrown apparently into bolder and larger, though equally abrupt, undulations.

If we take the average width of the band thus occupied by the lower beds

of the Cambro-Silurian series as five miles, and suppose the total efiect ofthese

undulations to be equal to a double anticlinal folding of their whole mass, we

should have one-fifth of the possible thickness as a measure of the actual thick-

ness of these beds. This would give about 5000 feet as the probable thickness

of the lower part of the Cambro-Silurian beds, those lying between their Cam-

brian base and the bedded traps. (See Section, No. 2.)

The bedded traps occur in two or three or sometimes more hues, very close

together, the result either of as many distinct depositions, or of the reappear-

ance of one or more bands at the surface consequent on the flexures of the rocks.

If we assume one anticlinal fold here, it will give us obviously three lines of out-

crop of the same beds, but we shall still be obliged to add two or three thou-

sand feet to the 5000 already mentioned for this series of beds ; and all the

evidence goes to show that they dip as a whole towards the north-west under

yet higher beds. Examining the country immediately to the north-west of this

band of bedded traps and their interstratified slates, from the River Barrow be-

low New Ross, right through the heart of Wexford to the neighbourhood of

Gorey, a high north-westerly dip seems everywhere to prevail over a width of

three or four miles, so that we are compelled to conclude that the bedded traps
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are themselves covered by a thickness of yet another three or four thousand

feet, at least, of these higher rocks. This would give a total thickness often or

twelve thousand feet for the Cambro- Silurian rocks. Farther to the north-

west, the beds appear to be inclined pretty equally in both directions, and then,

as we approach closely on the granite of Mount Leinster and Mount Blackstairs

and the neighbourhood, the beds appear to be rising to the N. W., with a pre-

vailing dip to the S. E. This south-easterly inclination on the flanks of the

granite, however, has rarely so high an angle as is found to prevail at a distance

from it. One circumstance is very remarkable,—that after the bedded traps have

taken their final plunge to the north-west, they never reappear at the surface

in that direction over the whole of the county of Wexford, and the adjacent parts

of Carlow and Wicklow. We must therefore suppose that the beds in con-

tact with the granite over all that portion of the area belong to the uppermost

part of the Cambro-Silurian series of our district, that which lies above the traps.

The line of bedded traps before spoken of terminates on the coast at Tara

Hill, about four miles north of Courtown. About four miles north of that again

is Arklow Head, where there is to be seen a very interesting mass of bedded

felstone ash, and ashy porphyry containing rounded pebbles, together with beds

of trappean conglomerate, interstratified with slate rocks and associated with

intrusive greenstones and elvan dykes.*

The general dip here is to the south-east ; and from Arklow, all up the val-

ley of Ovoca, and over all the country between it and the town of Wicklow,

south-easterly dips, at a very high angle, are much more numerous than north-

westerly ones. In this district, accordingly, we find the bedded traps rea ppear-

ing at the surface in great force, as the beds rise towards the N. W., forming

several lofty hills, and associated, as in Wexford, with intrusive greenstones

and other igneous rocks.

From under this trappean series there rise, still farther to the north-west,

the lower part of the Cambro-Silurian beds, like that between the traps and

the Cambrian base in Wexford, and, as we should expect, we shortly find this

Cambrian base itself appearing at the surface from underneath the Cambro-Silu-

'

rian rocks, and forming the areas already described under the head B.

So far, then, the position and lie of the rocks in Wicklow and Wexford

lead to harmonious results; they each point to the beds lying between Arklow

• See Paper on Arklow Head by Mr. Jukes, Journil of the Geological Society of Dublin, vol. vii.



578 Mr. J. Beete Jukes and the Eev. Samuel Haughton on the

Head and Tara Hill, as the highestbedsof the district; and we should conclude

that these highest beds were those (so remarkably free from igneous rocks of

all kinds) which strike N. E. and S. W. from near Arklow Head to near New

Ross.

The results agree, too, in placing the contemporaneous traps, as a mass, in an

intermediate position between these upper beds, and a lower set, the base of

which reposes, whether unconformably or in apparent or real conformity, on

the Cambrian rocks.

Another point in which they agree, also, is the number of small elvan dykes,

which, both in Wicklow and Wexford, are found in these lower beds, intru-

sive into, altering, and slightly cutting across them, although always agreeing

very nearly with them in general strike.

There is, however, now one curious discrepancy to be alluded to. If we

suppose that the black slates of the Cambro-Silurian series, which rest directly

on the Cambrian rocks, are always the lower part of that series (and we have

no reason to make any other supposition), it then follows that the slates which

lie between Eathdrum and Wicklow on the one hand, and Rathdrum, Glen-

dalough, Roundwood, and Powerscourt, on the other, are the lower part of the

Cambro-Silurian series, the part below the trap beds. These are the beds

which in North Wicklow, from Glendalough to Killiney, are penetrated by the

granite. We saw reason, however, just now, for supposing that the beds

penetrated by the granite in Wexford were the beds above the traps. We
ou"ht, therefore, in walking along the margin of the granite from the one

part of this district to the other, to come to some locality where the bedded

traps themselves range up to the granite, and are equally cut through by it.

The felstones of the neighbourhood of Rathdrum and Ovoca, striking from

the N. E. to the S. W., ought, if they are continued, to range up to the granite

somewhere about Tinahely. No such trappean group, however, is anywhere

met with on the flanks of the main granite area F.

Looking at the persistency of the trappean group through Waterford and

Wexford, everywhere dipping on the whole to the north-west, and at the reap-

pearance of this group in part of Wicklow as the beds rise again in that direc-

tion and dip to the south-east, we can hardly avoid coming to the conclusion

that before the rocks were disturbed, and while they remained horizontal, there

was a continuous trappean group, with a thickness of two or three thousand feet,

1
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over the whole of the area D, and over at least the southern part of the area F,

where the granite is now at the surface. On the supposition that the southern

part of the granite has biu'st through this trappean group, leaving it still deep

beneath the surface, we ought certainly, as we travel to the nortli and approach

the part of the district where the lower beds gradually rise to the surface, to

find this middle or trappean group cut across by the granite.

It is true that, trappean rocks being irregular and uncertain in their occur-

rence, they may not have been deposited or formed among the aqueous rocks

vvhicli are penetrated by the granite about Tinahely, or in that part of the dis-

trict, wherever it may be, where the beds with which the traps are contempora-

neous are so penetrated.

This is one explanation of the difficulty, though not a very satisfactory one,

and it is not I'endered more satisfactory when we come to examine a little more

in detail the contemporaneous traps of South Wicklow, and their associated

beds, and the facts connected with their abrupt termination towards the south-

west, or in the direction of the granite area.

In the country on the east and south-east of Eathdrum a great number of

bedded traps and trappean ashes are to be seen interstratified with the slates,

all dipping steadily at a high angle to the south-east, and striking to the south-

west. Large, irregular, intrusive masses ofgreenstone also occur, but even these

have their greatest linear extension parallel to the strike of the beds. These

beds are three miles wide, measured across the strike, and whatever allowance

we may make for reduplication of the beds by concealed folds or repeated dis-

locations, there must be a thickness of at least several thousand feet, almost one

lialf of which apparently consist of the traps. But if we follow these beds

along tlie strike to the south-west, the traps all suddenly disappear as soon as

we come to a line running nearly N. and S. through Eathdrum, while in the

country to the west and south-west of that line nothing but granite and elvan

is to be found.

The largest mass of felstone on the north-east strikes directly at the granite

of Ballinacarrig and Ballynaclash on the south-west, there being an interval of

scarcely half a mile between the two rocks, and both form comparatively narrow

bands running along the same line from N. E. to S. W. Farther to the south-

west several other detached granitic masses make their appearance, that of Cush-
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bawn and others near Aughrira all forming narrow bands at the surface, and

all running from N. E. to S. W.
If again we look at the felstones of Ovoca, we should see great masses of trap

interstratified with the slate continued for some distance to the N. E. by means

of beds of felstone and beds of ash, but terminating quite abruptly on the S. W.

at the very same meridian line mentioned before. Following on the strike

to the south-west, no other igneous rocks are to be seen, but elvan dykes leading

up to the large granitic mass of Croghan Kinshela.

In short, while the whole of this part of the country from Wicklow Head

to Tinahely and Shillelagh has a persistent strike from N. E. to S. W., and a

nearly persistent dip at a high angle to the S. E. ; and while it is all equally full

of various igneous rocks, running for the most part in narrow bands parallel to

the strike of the beds, still, if we draw a N. and S. line through the town of

Eathdrum, or very slightly to the west of it, all the igneous rocks to the east of

that line are traps (felstone or greenstone), with many beds of trappean ash, and

scarcely even a single elvan dyke, while all those to the west of that line are

granites and elvans, without a single bed of compact felstone, or of trappean

ash of any description, and with no other trap rock than some very highly crys-

talline greenstones on the south of Croghan Kinshela.

Two explanations might be offered of these facts:

—

First, we may suppose the beds of aqueous rock to be the same through-

out, and that the flows of molten trap and deposition of trappean ashes and

debris were confined to the eastern side of the meridian line mentioned above,

while the intrusion of igneous rocks at a subsequent period was confined to

the west of that line.

Or we may suppose that the contemporaneous traps being confined as above,

the subsequent intrusions of igneous rock only formed granitic masses in the

one case where those traps were absent ; while in the other, where they pene-

trated into the trappean group, they produced the greenstones of West Aston

and other places. The difference of the two kinds of igneous rocks would in

this case result from the difference of the materials with which they came in

contact, the molten mass absorbing some additional bases in the eastern part

of the district, so that the mass which elsewhere cooled into granite here be-

came converted into greenstone.
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It may however, be objected to this view, that while the granites of the west-

ern side are surrounded by a belt of slate metamorphosed into mica schist, the

greenstones of the eastern are not so surrounded, and seem to have produced

little or no alteration on the beds adjacent to them.

Secondly, we may suppose that the beds of the two parts of the district

are not the same, but that the north and south line mentioned before as

running through Rathdrum is a great line of dislocation, separating the one

set from the other. In support of this view it might be mentioned, that if

this line be continued to the north, it cuts the very abrupt S. W. termination

of the Cambrian rocks of Carrick Mountain, and meets the great fault which

is believed to run along the S. E. boundary of the Cambrian area B, that

of North Wicklow. If continued still further north, moreover, it would

appear to coincide for several miles N. and S. of Roundwood, with the boun-

dary line between the Cambrian and Cambro- Silurian rocks, which might also

be a fault.

Still, even this hypothesis does not relieve us from tlie difficulty, since, if

this N. and S. line were merely a dislocation, we should expect to find the

bedded traps somewhere on the western side of it, striking to the S. W. up to the

granite; whereas, we not only do not find them in the band of country where

we should expect them, but we do not find them at all either to the north or

to the south of that band. We should still be left without any trappean set

of beds anywhere on the margin of the main granite area, to mark the sepa-

ration between the upper Cambro- Silurian beds in the centre of Wexford, and

those which we must believe to be the lowest part of the Cambro-Silurian

series, which rests on the Cambrian rocks on one hand, and the granite on the

other, in the country running by Roundwood and Douce Mountain, from the

Seven Churches up to Killiney.

We must, for the present at all events, be content to leave this puzzle, with

others, still unsolved, and perhaps, from deficiency of data, for ever insoluble.

There is yet a part of this area, of which we must say a few words.

The band of bedded traps that stretch through Wexford into Waterford,

receive in the latter county large accessions to their mass, and spread over a

much greater width than they have in Wexford. So far as can be determined

by the few scattered observations that can be made on their position, the whole

VOL. xxin. 4 G
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formation still retains its former strike, and still dips from S. E. to N. W., and

the traps plunge to the N. W. under a band of slates, in which few or no

igneous rocks are to be seen.

It remains doubtful, however, whether the greater surface expansion of the

traps in "Waterford be due to a really greater thickness of these rocks, or to

luidulations and contortions in the rocks, or to repetition by means of faults.

Perhaps all these influences may be combined to produce the effect.

E.

—

The Camhro- Silurian area of Kildare and Wicklow is separated from

the preceding area D by the granite of the main area F. It occupies a space

of about twenty-five miles in length, by seven or eight in width. The mean

direction of its two longest boundaries is about N. 20° E. or N. N. E. ; that of the

two shorter nearly E. and W. It is remai'kable that each pair of boundaries

is parallel, although in both cases one boundary is the margin of the uprising

and intruding granite, and the other that of the overlying unconformable Car-

boniferous Limestone.

The strike of the beds in this area is also parallel to that of its longest boun-

daries, or, almost without exception, N. N. E. and S. S. W. The dip of the beds

on the immediate margin of the granite is W.N. W. at comparatively low an-

gles, but over all the rest of the area the angle of inclination is very high, rarely

less than 60°, and oftener 70' or 80". It is very remarkable that although the

flexures are apparently bold and numerous, the general tendency of the whole

mass seems to be to dip towards the granite, the higher beds coming in in the

direction of the granite, and the lower ones appearing to crop out on the north-

westerly margin of the area.

The rocks, indeed, which strike from Kilcullen to Ballitore have, in their

green and purple hues and gritty beds, no slight resemblance to some of the

Cambrian rocks of areas A and B.

Numerous beds of trappean ash, generally resembling a greenstone ash, and

often mingled with much sandy debris, are iuterstratified with the slates through

the centre of the area, and towards the margin of the granite. Few masses

of actual trap, however, occur till we reach the north-eastern limits of the area

in the neighbourhood of Ballynascorney Gap, where large masses of coarse

porphyry, containing dull green crystals of felspar, in a blue compact base,

make their appearance. These seem to be clearly intrusive, and to produce

some considerable amount of alteration on the adjacent slates.
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F.

—

The Main Granite Area.—This is the largest exhibition of granite at

the surface in the British islands, forming a continuous mass of seventy miles

in length, with an average width of eiglit or ten miles, and a maximum in one

part of eighteen.

Its eastern boundary is, with the exception of a few indentations caused

by overlying slates extending into the granite area, very straight, running as

nearly as possible N. N. E.

The western boundary of its northern half, though rather more irregular, is

on the whole parallel to this, but about the centre of tlie area, or a little north of

it, the boundary, in consequence of the deeper denudation of the granite, turns

boldly to tlie west for seven miles. South of this deflection, which marks the

entrance of the valley of the Slaney into the granite region, its western boun-

dary is formed by the overlying Carboniferous rocks of Carlow and Kilkenny,

resting upon it unaltered and undisturbed. This boundary is also very straight,

running N. 14° E. and S. 14^ W. for about eighteen miles, when the Cambro-

Silurian slates again make their appearance, and wrap round the southern ter-

mination of the granite. This southern termination is by no means an abrupt

one, and that the granite is continued for some distance towards the south-

east at no great depth below the surface, is shown by the reappearance of two

pretty considerable detached bosses of it, the latter being exhibited in the sides

of the valley or glen of the Arrigle River, south of Thomastown, on the west

of which the granite iinally disappears under the almost horizontal beds of the

Old Red Sandstone, which is there made up principally of granitic debris.

The loftiest point of the granite area, F, is Lugnaquillia, 3040 feet,* in the

southern part of the county of Wicklow. It consists of a mass of mica schist

resting on the granite. All the loftiest parts of the neighbouring mountains

consist of similar patches of mica schist, and it is in this, the highestpart of the

granitic chain, that the mica schist most nearly meets over the granite, and the

greatest number of patches and bands, and embedded masses of mica schist, are

to be found within the granitic area.

This shows that it is in this, the loftiest part of the chain, that we have the

original surface of the granite most nearly preserved, and that, if the mountains

had been a little loftier,—in other words, if the denudation had not proceeded

• This is also the loftiest eminence in the south-eastern quarter of Ireland,

4g2
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quite so far,—all these detached patches of mica schist would have been joined

into a continuous mass, and a skin of mica schist would have spread completely

over the granite.

Immediately south of this, on the other hand, where the ground is very

low and the granite area is traversed by the valley of the Slaney, we have the

widest exposure of granite at the surface, and find it to be most free from

included patches of mica schist. We see in these facts how directly the

appearance of granite at the surface is related to the occurrence and the extent

of denudation.

It follows also from these and the preceding descriptions, that this main

granite mass, however extensive it may be, and Jiowever it may form the most

prominent and striking feature of our district, is yet not to be looked upon as

either its geological or geographical axis.

North of Lugnaquillia, certainly, the granite hills form a watershed, between

the affluents of the Liffey on the one hand, and those of the brooks that flow

out on the coast at Arklow, Wicklow, and Bray, on the other. South of that

mountain, however, the more important rivers, Slaney, Barrow, and Nore, run

directly across the granite area from one side to the other, the whole drainage

of the south-east of Ireland coming right across its strike.

Its geological relations are not more influential than its geographical.

We have already seen that the prevailing strike of the greater part of our

district is as nearly as possible N. E. and S. W. The direction of the main

granite band differs from this by an angle of 25°.

If the granite area served as a geological axis, we should, of course, always

find the lowest rocks upon the flanks of the granite, and come upon higher and

higher beds as we receded from it. So far from this being the case, it is the

actual fact that the largest Cambrian area, that of Wexford, A, seems to stand

especially aloof, both from the granite of the main area, F, and from that of

Carnsore; while the Cambrian ofNorth Wicklow (area B), although it is much

nearer the granite, and at its northern extremity is quite close to it, is yet never

brought up on the flanks of the granite, is not altered by it, has neither its beds

nor its boundaries parallel to the direction of the granite, and, in short, seems

in no way to be afiected by it.

At the southern end of the area F, the granite is at a distance of twelve
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miles from the nearest Cambrian outcrop, and the beds in contact witli the

granite appear to be the upper part of the Cambro-Silurian series, that which

is above the traps ; while in North Wicklow the granite gradually approaches

nearer and nearer the Cambrian outcrop, rising at last within a mile of it, and

the beds in contact with the granite are apparently the lower part of the Cam-

bro-Silurian series, those that rest directly on the Cambrian rocks.

It would appear, also, that under the waters ofDublin Bay the granite must

come in contact with the Cambrian rocks themselves, cutting through those

that lie between Bray Head and Howth Hill.

It is true that the beds and boundaries of the Cambro-Silurian area E (that

of Kildare and Wicklow) run parallel to the direction of the longest extension

of the granite area F ; but even here it appears as if the granite cut into the

higher beds, rather than brought up the lower beds of the series, and there-

fore does not serve as a geological axis.

All the evidence, in short, goes to show that the intrusion of the granite,

both that of the main area, and that of the smaller detached bosses and bands

of granite, though doubtless a powerful and forcible intrusion, was neverthe-

less an equable and gradual one, the molten mass working its way slowly up-

wards into the overlying beds, without producing any distiu-bance. beyond its

immediate sphere of action. Its motion would, perhaps, be more fitly described

as a burrowing upwards, an undermining and eating its way up through what-

ever it chanced to meet with, rather than as a great elevating power lifting up

the rocks above it, and rending them asunder, in order to burst a passage for

itself towards the surface.

G. The Carnsore Area.—We have yet to say a few words on the district south

of Wexford Harbour, that of Carnsore. This is separated from the area D by

the Wexford Cambrian area A, and also by the overlying beds of Old Red

Sandstone and Carboniferous Limestone, that stretch from Wexford Harbour

to Ballyteigue Bay.

The area is one of very low ground, and the details of its geology are con-

sequently very obscure. Both its beds and boundaries seem to strike about

E. N. E. and W. S. W., the dip of the beds being generally at angles approach-

ing the vertical. Graptolites were procured on the shore near Greenore Point,

and several species of Bala fossils (Orthis, Pentamerus, &c.) were found in a



586 Mr. J. Beete Jokes and the Eev. Samuel Haughton on the

small quarry north of Tagoat. Near that village, beds of red sandstone and

conglomerate, exactly like Old Red Sandstone, were seen in a small quany, in-

terstratified with the slates of the Cambro- Silurian series. This fact makes it

possible that the red sandstones and conglomerates of Bonmahon, county of

Waterford, may in reality belong to the Cambro-Silurian rocks in which they

lie, and not to any former covering of Old Red Sandstone, from which they were

supposed to have been derived by downcast faults. In approaching the granite

of Carnsore Point and Crossfarnoge, the Cambro-Silurian slates become meta-

morphosed into gneiss and mica schist, and are traversed by veins of granite

and greenstone, and the granite itself is in some places also traversed by dykes

of greenstone. This is especially the case on the Saltee islands.

The granite of this area differs in appearance from all the other granites of

our district, being a coarse-grained red granite, with large crystals of flesh-

coloirred felspar. Small flakes of black mica are sparingly disseminated through

it. A pencil-note on one of the Maps of the Geological Survey, in the hand-

writing, as believed, of Professor Oldham, mentions the existence at Carnsore

Point of segregated masses of mica, sometimes as much as two feet long by

one broad.

V. Cleavage.

Although it would be travelling out of our limits to enter at large upon

the subject of Cleavage, it would yet be wrong to pass it over altogether in

silence.

Throughout our district, and indeed throughout the south of Ireland, all

the Pala30zoic rocks, both upper and lower, are more or less affected by slaty

cleavage, from the Cambrian rocks up to the Coal-measures inclusive. The

strike or direction of this cleavage is, with some few local exceptions, singu-

larly uniform, scarcely ever differing from E. N. E. by so much as 10°. Cleav-

age with this strike is to be seen over all the country, from the county of

Dublin to the extreme points of Cork and Kerry. Its dip, however, is not so

persistent, being sometimes to the one side, and sometimes to the other, and

varying greatly in amount; but in the Lower Palasozoic rocks of the S. E. of

Ireland it is always at a very high angle, often vertical, or inclined at a few

degrees from the vertical, either towards the N. N. W. or S. S. E.

J
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In the fine-grained black slates of the Cambro- Silurian formation, the cleav.

age is sometimes carried out to such an extent as to obscure or even obliterate

the stratification, and it is occasionally almost equally prominent in the Cam
brian rocks. The cleavage, in fact, is often as fine and complete as in any slate

whatever, and it only fails to make good roofing slate from the want of firm-

ness in the material.

It would be a very difiicult task in the S. E of Ireland to arrive at any

conclusions as to the relations between the strike and dip of the cleavage, and

the anticlinal and synclinal curves into which the rocks have been thrown, in-

asmuch as it is impossible, as already stated, from want of continuous sections

to determine those curves themselves with anything approaching to precision.

So far as can be observed in detached localities, it appears that there is

here, as elsewhere, a general tendency to coincidence in the strike of the beds

and the strike of the cleavage ; though if we judge by the direction of the boun-

daries of the areas of the formations, this coincidence seems by no means univer-

sal, nor, when examinedon thegreat scale, to be anythingmore than approximate.

The general direction of the cleavage, on the other hand, so far as it can

be determined by detached observations in particular quarries, coincides

almost exactly with the strike of the Upper Palteozoic rocks in the S. W. of

Ireland.

It remains a problem for future determination, by special research directed

to that particular subject, whether the Lower Palaeozoic rocks were affected

by a slaty cleavage before the deposition of the Upper Palseozoic rocks, or

whether the cleavage was impressed upon both simultaneously.

In the latter case it might have been produced by the forces which com-

municated the E. N. E., and W. S . W . strike to the rocks of the S. W. of

Ireland ; while those forces, although they thus aifected the S. E., may not have

been sufficient to entirely change the direction of the previously existing strike

of the rocks there.

Some local exceptions, in which the strike of the cleavage runs E. S. E.

and W.N. W., not coinciding with the general strike of the beds, make it pos-

sible, perhaps, that two cleavages may have been impressed upon the country.

There is also the possibility to be taken into account, that subsequent

movements may have locally disturbed and shifted both the dip and strike of

the cleavage after it was formed.—J. B. J.
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Section Ko. 1.

Section No. l—wntinmd.

Six miles of high
graiiite gronnd
omitted in this
space, g

Kippnre, War Douce Mountain,
2473. HilL 23S4.

S.E.

Five miles of Cam-
brian groimd omitted
to the east of this, the
smfaceslopingyenily
down to the sea.

Altidore.

N.W.

Sis miles of low granite ground omitted
towards tlie N.W., willi three or four more
miles of Carboniferous Limestone resting
directly on the granite.

Section No, 2.

Mount Leinster,
261U.

Six miles of low
Cambro- Silurian
ground omitted
between X & T.

Sectios No. 2—contiiimd,

Near
Ferna.

Near
Monomolin.

Tliree miles of low Cam-
brian ground omitted
between this point and
the sea-coast.

The anticlinal and synclinal folds into which the Cambro-Silurian slates and bedded traps are here thrown, are quite h^-pothetical in form
and number.

d Carboniferous limestone,

b Cambro-Siliirian slates, Ac.

(9 Altered do. (mica schist, ifec.)

a Cambrian rocks.

g Quartz rock in Cambrian rocks.

D Greenstone. P Porphyritic.

F Felstone.

G Granite.

Scale of the above Sections :—One inch to a mile horizontal, and two inches to a mile vertical ; but not very strictly presened, or the low
grotmds would not be seen above the sea horizon.
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PART 11.

MiNEBALOGICAL RELATIONS OF THE IgNEOUS RoCKS OF THE SoUTH-EAST OF
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3. Origin o{ the Outlying Granitic Tracts, 610
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1. General Description, 613

2. Granitic and Trappean Patches; Bearings, ... . 614

8. Felstones of the south-east of Ireland, 615

4. Greenstones associated with the Felstones of the south-east of Ireland, .... 619

The igneous rocks requiring description and illustration in the district we

have under consideration are divisible into three groups : viz.— 1st. The

granitic axis, described as (F) in the preceding part ; 2nd. The granitic rocks

of Carnsore and the Saltees (G) ; and 3rd. The igneous rocks, granitic or

otherwise, contained in the Cambro-Silurian region described as (D).

I. Granitic Axis of the District.

The granitic area is fully described at p. 583, et seq., and will be best

understood by a reference to the map. In addition to the area coloured on

the map, it is probable that this granitic axis extends in a north-easterly direc-

tion under the sea, by Rockabill, off the north coast of the county of Dublin
;

and perhaps even extends as far as the granitic district of Creetown in Scotland,
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A short mineralogical and chemical description of this granitic axis has been

published in the twelfth volume of the " Quarterly Journal of the Geological

Society of London." The account which is here given is illustrated by many

additional analyses, which have thrown new light on some of the questions

discussed in that description.

1. General Description of the Granite.—The granite of the axis, considered

in its most complex varieties, is a quinary granite, containing the following

minerals:

—

1. Quartz (watery). 4. White mica (Margarodite).

2. White orthoclase (distinct crystals). 5. Black mica (Lepidomelane).

3. Felspar (paste).

Previous to discussing any particular analyses of the granite, it is necessary

to say a few words respecting each of these constituent minerals.

2. Quartz.—The quartz of the granitic axis is the usual watery transparent

quartz of all the Irish granites ; it has a mean specific gravity of 2"645, as

determined from many specimens taken from veins containing large fragments

of quartz, accompanied by orthoclase and white mica, from localities in the

counties of Dublin, Wicklow, and Carlow.

3. Orthoclase.—This felspar is invariably found in the veins containing

large crystals, which are common, traversing the granite in every quarry that

is opened, with very few exceptions. The orthoclase is accompanied in these

veins by quartz and white mica, and occasionally by schorl, beryl, spodum.ene,

apatite, fluorspar, and garnet ; the latter, when it occurs, being always in

small crystals ; it is found more commonly than the other occasional minerals,

which may be considered rare, except in particular localities.

Besides occurring in the large crystallized veins, orthoclase may readily be

distinguished in facets and flattish surfaces, in the general felspathic paste of

the granite of most parts ofthe axis. The composition of the orthoclase felspar

of the axis has been studied with care by the Rev. Professor Galbraith, who

has published the results of his analyses in the Proceedings of the Royal Irish

Academy, vol. vi., p. 134. The following Table contains the results of Mr.

Galbraith's experiments, which prove that the orthoclase of the different parts

of the granite axis varies very little in its character:

—
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Table I.

Analyses of Orthoclase Felspar.



592 Mr. J. Beete Jukes and the Eev. Samuel Haughton on the

It will be observed that the protoxide bases are slightly in excess of the

usual formula for this mineral, viz.:

—

KO, Si O3 + AI2 O3, 3Si O3

;

(1)

while the oxygen ratio gives very exactly the formula

—

understanding in both formulce that KO denotes all the protoxide bases, as well

as potash.

4. Felspar of the Granitic Paste.—I have not made any direct examination

of tlie confusedly crystallized felspar of the granite paste, cementing the frag-

ments of quartz, orthoclase, and mica together, nor do I believe it has a precise

chemical composition constituting it a distinct mineral ; it contains more soda

than the orthoclase of the granite, in which we find only 2-75 per cent.

So far as I am aware, no crystals of either albite or oligoclase have ever

been found in the Leinster granite, and this is easily accounted for by the fact,

that the granite nowhere contains enough soda to admit of the formation of

such crystals. There is not sufBcient potash to form a felspar exclusively

monoclinic in its form, nor is there sufScient soda to form the triclinic felspars;

consequently, the orthoclase has crystallized out from the molten mass, leaving

a confused residue of felspar to form the paste ; this residue does not crystal-

lize freely, as it is undecided whether to assume the monoclinic or triclinic form,

and it, therefore, remains as a saccharoid paste of periclinic felspar.

The following partial analyses of this felspathic paste have been pub-

lished :

—

Potash, .
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give for the average ratio of potash to soda in tlie felspathic paste of the granite

of that mountain, picking out the mica and orthoclase

—

Potash, .... 403

Soda, 4-74

1 shall compare this result with the composition of the felspar deduced by

myself from calculation, a method which admits of very considerable accuracy.

I entertain grave doubts as to whether the felspathic paste of the granite is

entitled to be considered as a distinct mineral, as it contains, as appears from

the preceding estimate of alkalies, an insufficient quantity to form a tersilicated

felspar, without the aid of the lime and magnesia, which exist in it in con-

siderable quantity. It must be remembered that it is only by an arbitrary

fiction of the mineralogists that we consider granite as composed of three, four,

or two minerals. I shall show that the granite of Leinster unquestionably

contains /cwr minerals, viz., Quartz, Orthoclase, White Mica, and Black Mica,

together with a confused felspathic paste, the composition of which may be

ascertained, but which, being uncrystallized, except in a confused manner, we

are at liberty to consider as a mineral or not, just as we please. It is as much

a mineral as the chance slag of an iron furnace would be. No doubt, we may

ascertain its chemical composition, and form a formula therefrom, but until it

is found crystallized in a definite form we have no right to call it by the name

of any recognised mineral ; it is neither orthoclase, nor albite, nor oligoclase,

but a confused mass of felspathic paste, having a composition that is constant

for many miles of superficial extent.

5. White Mica.—In every specimen of granite that I have seen from the

main chain, white mica is abundant, and as it contains 5 or 6 per cent, of water,

it becomes highly interesting, as its occurrence is a proof that during the for-

mation of the granite, water must have been present, in order to be chemically

combined with the silicates composing the mica. This water must have occurred

at a temperature between cherry red and the melting-point of silver, between

which limits the granite was formed.

The white mica is often found in lozenges (^ in. by \ in.) in the body of

the granite, and attains in the granite veins the dimensions of 2 in. by 1 in.

and even 3 in. ; but, in general, it occurs in plates not exceeding ^th of an
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inch in diameter. It is Trimetric, occurring either in flat rhombic right

prisms, or in hexagonal plates, formed from the former by the replacement of

the acute angles ; the angles in all the specimens which I have had an oppor-

tunity of examining are exactly 120° and 60°, and I always found the plane of

the two optic axes to contain the greater diagonal of the lozenge, joining the

acute angles.

The following measurements of the angle between the optic axes may be

found useful :

—

1. Three Rock Mountain, . . 53° 8'

2. Glendalough, 70 4

3. Mount Leinster, .... 72 18

4. Lough Dan, 70

5. Glenmalure, 67 11

6. Poulmounty, 76 15

The following analyses show the composition of the white mica of

Leinster:

—

Table III.

Analyses of White Mica.
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From the preceding Table we find the following mineralogical results:

—

Table IV.

Atomic proportions of White Mica. Atoms

Silica, ....
iUumina, . . .

Peroxide of iron,

Lime, ....
Magnesia, . .

Potasb, . . .

Soda, ....
Protoxide of iron.

Water, . . .

990
618 Ifi-,
56/*'^-'

28^
38

227
30

2J
593

^325

In the preceding analyses I only determined the quantity of protoxide of

ii'on in the fourth ; but as there is probably a small quantity in the other

three, there should be something deducted from the atomic weight of the perox-

ides, and something added to that of the protoxides; we, therefore, obtain very

accurately the following relation for the atomic proportions of silica, peroxides,

and protoxides :

—

Silica 99, . . 3

Peroxides, ... 66, .. 2

Protoxides, ... 33, .. 1

Water, . . . . 60, . . 2 ?

giving a mineralogical formula for the white mica

—

RO, SiOj + 2 [RjOa, SiOs] + 2H0. ( 3

)

This is the mica known to mineralogists as Margarodite or pearl mica, and

improperly considered by Dana as an altered Muscovite. It is a distinct

mineral species, and one highly interesting in connexion with the theory of

the origin of granite, as it is undoubtedly a hydrated mineral, not the result of

metamorphic action, but coeval with the other minerals forming the mass of

the granite.

If its formula be deduced from its oxygen, and not from its atomic i)ropor-

tions, we obtain from the mean of my four analyses

—

0-14 (3R0) + 0-86 (RA) + 1-26 (SiOs),
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which gives exactly,

—

[i(3R0) + ^(R.Oj)] SiOai + xHO, (4)

the formula of Daua ; and proves its identity with the mineral described by

him as Margarodite.

6. Blach Mica.—In addition to the white pearl mica, or Margarodite, just

described, and which is always found in the granite of the Leinster axis, a

variety of black mica is very commonly found in small grains, diffused through

the mass of the granite in particular localities, as at Dalkey, Glendalough, and

other places.

This black mica is occasionally found in nests, and much more rarely in

long crystals, associated Avith the white mica.

It was discovered in great abundance by my friend and former pupil, Mr.

Cotton, C. E., on the cutting of the Bagnalstown and Wexford Railway at

BallyelUn, in the county of Carlow. The granite of this locality consists of

white orthoclase, quartz, white and black mica, half and half, in long crystals,

lying side by side and fortuing physically the same sheet of mineral, but sepa-

rated from each other by a well-defined straight line. This line coincides with

the trace of the plane of the optic axes of the white mica. The black mica

proved on examination to be uniaxal, its optic axis bisecting the angle between

the optic axes of the white or biaxal mica. I examined carefully the angle

between the optic axes of the white mica associated with the black mica, and

found it to vary in difierent specimens from

—

56° 30' to 71° 0'.

The crystals of black mica are 2 in. by ^ in., and they fit into the crystals

of white mica readily, in consequence of the angles of the primary lozenge of

the latter being 60° and 120° ; the regular hexagonal base of the black mica

crystal fitting, without physical dislocation, into the angles of the white lozenges.

At Scalloge Gap, between Mount Leinster and Blackstairs, this black mica is

found in nests and lenticular sheets in the fine-grained gneissose granite, which

is itself composed of gray quartz, white felspar, and white mica, being a ter-

nary granite, except where the occurrence of the black mica renders it

quaternary.
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The following analysis gives the chemical composition of the black mica

of Ballyellin :

—

Table V.

Black Mica ofBallyellin.

Silica,

Alumina,
Peroxide of iron, . .

Lime,

Magnesia,

Potash,

Soda,

Protoxide of iron, .

Protoxide of Manganese,

Water,

Total,

Per-centage.

35 '55

17-08

23-70

0-61

3-07

9-45

0-35

3-55

1-95

4-30

99-61

Atoms.

790
328-

296.
021
153

201
Oil

098
054
477'

024

^538

Oxygen
ratio.

790

624

179

The preceding results -^vere obtained by fluxing with carbonates of soda

and potash, and with carbonate of lime and sal ammoniac ; and afterwards, on

acting upon lOgrs. with hydrochloric acid, it was found to be completely

decomposed, giving 35-20 per cent of gelatinous silex. The black mica of

Ballyellin is,

—

1. Uniaxal.

2. Decomposable by muriatic acid.

From the oxygen ratios of this mica it is easy to deduce the following

formula

—

3R0r (5)

There is no simple relation between the peroxides and protoxides in this

analysis ; the following is the nearest approach to a formula, founded on their

ratio, that I can make

—

VOL. XXIII.

2 [3R0, SiOs] + 7 (RjOa, SiOa) + 5 HO.

4i
(6)
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This formula represents the analysis pretty well, but is not so simple, nor so

exact as (5), which I prefer.

The black mica of Ballyellin has been identified by me with the black

mica of the granite of Donegal, and is unquestionably a distinct and well-

marked mineral species. In most respects it appears to be identical with the

Lepidomelane of Soltmann, which is found at Petersberg in Wermland, in small

aggregations of minute scales,—a mode of occurrence very common with the

black mica of Kingstown, Scalloge Gap, and the black mica of Donegal.

Lepidomelane is also soluble in muriatic acid, and is probably uniaxal. Its

formula, as analyzed by Soltmann, is

—

3 HO, SiOs + 3 (R2O3, SiOs). (7)

This corresponds with my formula (5), and I believe the two minerals to be the

same ; but it is evident that the Irish specimens are much finer and better

defined as to their optical properties.

Having thus established the existence of four component minerals, viz..

Quartz, Orthoclase, Margarodite, and Lepidomelane, it now remains to examine

the composition of the granite as a whole, with a view to determine the relative

proportions of each, or the mineralogical analysis of the rock, and also the

chemical composition of the felspathic paste remaining after the deduction of

the well-defined minerals.

7. Granite Rock.—We have now to consider the chemical and mineralogical

composition of the granite rock considered as a whole. To the eye it presents

a very uniform appearance throughout the whole granitic axis from Rockabill

on the north-east, to Poulmounty on the south-west. Quartz, white felspar,

and white mica, are always present in distinct grains, and very frequently

black mica also, though in a smaller proportion than the white. The following

Table contains the analyses of the granite rock, taken as a whole, without

separating any of its constituent minerals :

—
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Table VI.

Analyses of Granites of Main Axis,

No.
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If we now take the atomic quotients of the average of the eleven analyses

of Table VI., we find the following :
—

Table VII.

Atomic proportions of Granite

of Axis.
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assumption I consider nearly certain, from the fact of the presence of abun-

dance of free quartz, which would have converted any nionosilicated or bisili-

cated felspar originally present into a tersilicated felspar, taking its mineralo-

gical character from the predominant alkali.

Let Q, F, M, L, denote the number of atoms of quartz, felspar, margaro-

dite, and lepidomelane present in the granite ; from the formula of these mine-

rals just given, and from Table VII., we find, as in my former paper,

l-601 = Q + 4i^+3J/+9Z;
0-313= F+IM-VIL; (A)

0-273= F+ il/-f6Z.

In these equations we have/owr unknown quantities, and only three equa-

tions ; but a fourth equation may be found as follows :

—

Let q^f m, I denote the per-centages of quartz, felspar, margarodite, and

lepidomelane in the granite ; then q, f, m, I will be equal to Q, F, M, L
respectively multiplied by their atomic weights.

The atomic weights of Q, M, L are known, and may be found as fol-

lows :

—

The atomic weight of quartz is 45 ; that of margarodite may be thus

found:

—

The mineralogical formula of margarodite is in atoms = 3 silica + 2 per-

oxides -1- 1 protoxide -)- 2 water. The atomic weights of silica and water are

known, and are 45 and 9 respectively ; therefore, if x and y denote the atomic

weights of the peroxides and protoxides respectively, we have

Atomic weight of margarodite =Sx4:5 + 2x+y + 2 x9.

The values of a: and y are found from Tables III. and IV., by the equa-

tions,

36-62 = 0-674 X J-,

13 23 = 0-325 xy. ^ ^

The left-hand numbers being the per-centages of peroxides and protoxides

respectively ; and the right-hand numerical coefficients denoting the atomic

quotients of peroxides and protoxides respectively. From these equations we

find the values of x and y to be 54 and 40. And finally

—



602 Mr. J. B. Jukes and the Rev. Samuel Haughton on the

Atomic weight of margarodite = 302.

The atomic weight of lepidomelane is thus found ; its equation in atoms

(6), is

9 silica.

7 peroxides.

6 protoxides.

5 water.

If X and y denote, as before, the atomic weights of the compound atoms of

peroxides and protoxides, we find from Table V. the following :

—

from which we obtain.

40-78 = 0-624 a;,

18-98 = 0-538 2/;
^ '

y=S5.

And since the atomic weight of lepidomelane is

9x4.5 + 7x + 6y + 5x9 ;

we obtain finally,

Atomic weight of lepidomelane = 1115.

Using the atomic weights just found, we find the following equations;

denoting the unknown atomic weight of the felspar paste, including orthoclase,

by 0:

—

rj =45(2,

m = 402Jf,

I =1115L, (B)

f -<I>F:

q +»n + /+/= 10005;

the last equation being found from the consideration that all the per-centages

of constituent minerals, taken together, must make up the entire analysis of the

rock given in Tables VI. and VII.

So far as we have hitherto gone, equations (B) add nothing to equations

(A), as they are five in number, and contain five unknown quantities in

addition to Q, F, M, L. viz., </,/, w?, /, 4>.
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Another equation may be found from the consideration that all the iron in

the analyses of Table VI. belongs to the black and white micas. White mica

contains of iron, Table III., estimated as peroxide, 457 per cent., and black

mica contains of peroxide of iron, estimating with it the protoxides of iron and

manganese, Table V., 29*81 per cent. ; while from Table VI., the granite

contains 2'22 per cent. If we assume all the iron to belong to the two micas,

which is nearly certain, we obtain an additional equation, viz., counting FeO
and MnO with peroxides,

29-8U + 4-57m = 222. (C)

Bringing together all the equations A, B, and C, we have nine equations,

and nine unknown quantities to determine, viz., Q, F, M, £, 9,/, n«, I, (p.

For convenience of solution, it is desirable to set down all the equations

together:

l-G0l = Q + iF+3M+9L, (a)

0-313= F+23f+7L, (b)

0-273= F+ M+GL, (c)

q= 45Q, {d)

m= 402.M, {e) (11)

1= 1115Z, if)

^ + ?« + ;+/= 100-05, {h)

298H+ 457??? = 22200, (J)

Subtracting (c) from (6), we find

0-040 = ilf+i:;

which, by {e) and (/), becomes

0-040 =^+ ^

402 1115'

which, after reduction, gives in combination with (i) the following system for

the determination of w and ^, theper-centagesofmargarodite and lepidomelane

in the granite :

402^+ 1115m = 17929,

298H+ 457wi = 22200. ^ '
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Solving these equations for I and m, I find, after some numerical reduc-

tions,

m=14'18,

I = 5-27.

From (13), by the aid of (e) and (/), we find

M= 00353,

L = 0-0047.

(13)

(14)

From (14) combined with either (6) or (c), we obtain

—

F= 0-2025. (15)

From equations (14) and (15), combined with (a), we find

—

Q= 0-6148; (16)

with which combining {d), we find

—

(7 = 27-66 per cent. (17)

From (13) and (17), with (h), we obtain

—

/= 52-94 per cent. (18)

And, finally, from (18), (15), and {g), we find

—

(^ = 253. (19)

Bringing together the values of the nine unknown quantities, and the atomic

weights known by observation, we have

—

9 = 27-66 Q= 0-6148

/= 52-94 i^= 0-2095

m = 14-18 Z = 0-0047 (20)

Z= 5-27 ilf = 0-0353

= atomic weight of felspar, 253.

The unknown quantities just determined may be subjected to a severe test

by substitution in the original per-centage analysis of the granite, as follows,

—

Let/,;, /„,,/i,/„/„,/p, /.,/„, denote the unknown proportions of silica, alu-

mina, peroxide of iron, lime, magnesia, potash, soda, and water, belonging to
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the felspar in the analysis of the granite ; we have the following equations from

Tables III., V. and VI., to determine these eight unknown magnitudes:

—

7207 = 100 ? + 44-58 m + 35-55 I +f^
1481 = 32-13 TO + 17-08 l+f„i

222 = 4-57 m + 29-81 I +f
163 = 0-78 VI + 0-61 I +f
33 = 0-76 711 + 3-07 I +/„
511= 10-67 m+ 9-45 l+f,

279 = 0-95 m + 0-35 I +f.
109 = 5-34 m + 4-30 I +/;

(21)

From these equations we may find the following Table, containing the

distribution of the various chemical elements of the granite rock among its

component minerals :

—

Table VIII.

Distribution of Elements among the Granite Minerals.
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the felspar of the Three Rock Mountain, soda in excess of potash in the

proportion of 6 : 5. I place most reliance on the numbers contained in

Table IX.:—
Table IX.

Calculated Felspar of Granite Rock.
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constitutes the largest tract of granite iu the British Isles, and also retains

throughout its extent the greatest sameness of mineral composition.

I shall here add, for the purpose of comparison with the foregoing analyses

of the Leinster granites, the following analysis of the granite of Creetown in

Scotland, which appears to be the prolongation of the Leinster chain, and

resembles in its external appearance many of the Leinster granites :

—

Table XI.

Creetown Granite.
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Over a large part of the district there are a number of outlying granitic

patches, occupying a well-marked and characteiistic position. These form a

series of long granitic islands, following rather the strike or bearing of the beds

than the geological boundary of the granite axis, and suggest the idea, which

may be collected from the map, that the true axis of the granitic chain lies

more to the east of north than would appear from the line of its separation from

the slate.

It is impossible to discuss the mineral composition ofthese outlying granitic

patches by the same systematic method that we have applied to the main gra-

nite chain itself, as we have the best reasons for believing that they are all

formed of that granite, adulterated and mixed with bases, which, varying from

place to place, alter the character of the rock in a manner that never occurs in

the main chain. We look upon that as the great molten mass, of which the

granite islands are offshoots, more or less affected by the bases they have

fallen in with in their contact with the slate rocks. The truth of this remark

will be best seen from the analyses in the following Table, in which the loca-

lities are arranged in order of occurrence, from N. W. t-o S. E. :

—

2.

—

Chemical Composition of the Outlying Granitic Tracts.

Table XII.

Composition of the Outlying Granitic Rocks.

1
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Description of theforegoing Granites.

No. 1. Cushbawn Hill, 1318 ft. high, near Ballynaclash ; this granite is the most north-
westerly of the granite patches, or nearest to the main granite chain; fine-grained
granite, composed of quartz, white felspar, white mica, and green mica; both micas
in small grains; specific gravity =2'671.

No. 2. Coolboy, Tinahely, county of Wicklow; remarkable granitic patch, occupying the
bottom of a valley, scored out in consequence of the granite rock being softer than
the surrounding slate. The bearing of this granite outlier prolonged to the north-
east, as shown on the map, would pass right along the direction of No. 3, or Bal-
lynaclash granite, leaving Cushbawn Hill somewhat to the north-westward. Gra-
nite, fine-grained; consisting of

—

1. Quartz, gray and minutely disseminated.
2. Black mica, conspicuous, often collecting into flattened nests ; 2-3 in. long

by 1^ broad, by ith thick.

3. Very minute specks of white mica.

.

4. White felspar, saccharoid, intimately mixed with quartz, and semitranslu-
cent.

No. 3. Ballynaclash, on same line as No. 2. Fine-grained granite, composed of.—
1. White mica, in small occasional flakes.

2. Dark green hornblendic mica, in minute grains, giving a general greenish
character to the rock.

3. Quartz, gray, conchoidal, conspicuous.
4. White opaque felspar, forming the felspathic paste in which the other mine-

rals are embedded.
5. Crystals of felspar, of bright watery lustre, translucent; embedded in 4.

No. 4. Croghan Enshela, head of Coolbawn brook, N. N. W. ; central mass of deep granite
of mountain; crystalline; medium-grained; facets of felspar predominating, and
giving a character to the rock, which is of a pale-greenish colour, owing to the
presence of blackish-green hornblende; the mass is composed of

1. Quartz, gray, conchoidal, inconspicuous; smothered in felspar.
2. Hornblende in minute grains.

3. Felspar in translucent crystals (^th by ith in.), with highly reflecting sur-
face ; those crystals, which appear to be orthoclase, give a character to the
entire rock.

No. 5. Croghan Kinshela, near summit; specific gravity = 2-629; brilliant white felspar, with
gray quartz; stained here and there with patches of chlorite.

No. 6. South Base of Arklow Eock Little; fine-grained granite, very white; it occurs in a
vein not more than 20 yds. wide, with slate on each side; composed of

—

1. Quartz, distinctly visible in minute grains.

2. Felspar, opaque, very white, forming the greater portion of the rock mass; no
distinct crystals.

3. Very minute grains of very silvery white mica disseminated through the
rook, giving frequently a silvery lustre to the facets of quartz and felspar.

No. 7. Ballymotymore, near Oulart, containing black mica; specific gravity = 2-659; fine-

grained granite.

No. 8. Ballynamuddagh, near Oulart; coarse-grained granite, containing distinct and large
plates of black mica, J^th in. broad ; specific gravity = 2-670.
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Composition of the foregoing Granihs—continued.

No. 9. Camaros Hill. This rock appears to contain only two minerals; it weathers into a

compact yellowish-white felspar, and has a general resemblance to the granite of

Croghan Kinshela, No. 4 ; it is composed, apparently, of

—

1. Felspar of yellowish waxy lustre; facets abundant, not very numerous, set in a

paste of yellowish felspar and greenish-black hornblende, intimately mixed.

2. Hornblende in dots, specks, and streaks, mixed with felspar paste.

3. No quartz visible.

Of these isolated granitic patches, the most important, taking into account

both area and elevation, are Croghan Kinshela and Camaros Hill CNos. 4 and 9).

It is remarkable that these are the only granites that retain the predominance

of potash over soda, that characterizes the granite of the main chain ; and it is

worthy of remark, that even in Croghan Kinshela, where the central main mass

of the hill retains the character of the original granite that produced it, yet the

granite of the summit of the mountain, No. 5, shows a deviation from the mean

type of the granitic chain, as great as is presented by any granite in the whole

south-east of Ireland. Such an anomaly as this is found nowhere in the gra-

nitic chain, where even at Poulniounty, Enniskerry, Three Rock, Dalkey, and

other localities within a few yards of the metamorphic slate, the granite of the

chain retains its physical and chemical character, uninfluenced by the neigh-

bouring rocks. On the contrary, in the outlying granitic patches no two

granites are alike ; some have more alumina ; some, more iron ; some, more

lime and soda ; but all differ from each other, and that within the space

of a few hundred yards or feet. It would be a hopeless task to investigate the

law of composition of rocks so changeable in their character as the granitic

island patches of Wexford and Wicklow, and the conclusion is forced upon us

irresistibly, from the facts observed, that the only mode of accounting for such

a diversity of composition is to assume an equally diverse composition in the

aqueous rocks they came in contact with, which have changed and metamor-

phosed the granite of the main chain into compoimds, which, though they are

still genuine granite, deviate from it so far as to render it difficult to determine

the law of their changes.

3. Origin of the Outlying Granitic Tracts.—It is nearly certain tliat the iso-
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lated tracts of granite were formed by the irruption of the granite of the main

chain, which granite became mixed up with impurities, consisting principally of

bases, and thus degenerated into the separate special forms of granite, the ana-

lyses ofwhich are given in Table XII. There is much difficulty in determining

the nature and amount of the impurities thus added to the granite of the main

chain ; but as the subject is one of great importance, I shall make an attempt

to exhibit at least the method by which the question should be solved, and trust

to further observations to furnish sufficient data for its complete determination.

Let us take, for example, the Coollattin granite, No. 2, and endeavour to

determine the amount and kind of admixture with the main granite sufficient

to produce it.

Let M represent any arbitrary number of tons of main axis granite, C the

unknown number of tons of granite of the composition of No. 2, resulting from

the admixture of C— ili" tons of unknown substances with if tons of molten

main chain granite.

It is required to determine tlie nature and amount of the substances thus

added.

It is easy to see the truth of the following equations :

—

100 Silica
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the consideration that the sum of the silica, alumina, &c., is equal to the total

difference in weight of the new granite and the old.

A number of hypotheses may be made, which would enable us to solve the

equations (22). The following are only given as an example of the method of

procedure :

—

Hypothesis A.—Let the impurities added to the molten granite equal in weight

the mass to which they are added.

Adopting^this hypothesis, which is certainly not a probable one, and taking

Jf equal 100 tons, C becomes 200 tons, and the following values may be found

for the elements added :

—

Table XIII.

Impurities added to 100 tons of Main Chain Granite, to make up 200 tons of CooUattin Granite.
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Table XIV.

Impurities added to 100 tons of Main Chain Granite, requisite to make Coollattin Granite, on the

supposition that a Bisilicate of Alumina is theform in which the Silica and Alumina are added.
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igneous rocks, occurring in well-marked bands in the slates, and apparently

contemporaneous with them. They are found in two distinct bands, one to

the north, between Arklow and Wicklow ; and the other, apparently of the

same age, to the south, in a narrow band, lying at each side of a line drawn

from Gorey through Waterford to Ballyvoil Head. The following remark on

the relative directions of the granite axis, the granite patches, and the trappean

deposits, may be useful :

—

Granite Axis. Bearings.

Lugnaquillia to Mount Leinster, . . 29°E. ofN.

Kippure to Lugnaquillia, .... 14 „

Kippure to Mount Leinster, ... 24 „

Mean bearing, . . 22° 20' E. of N.

The mean direction of the Longmynd system of M. Elie de Beaumont,

referred to Milford Haven, is 24° 24' E. of N.

The Longmynd system is antecedent to the Silurian deposits of Wales.

2. Granitic and Trappean Patches ; Bearings.—If a line be drawn through

the axis of the CooUattin patch, it will pass along the Ballynaclash granite,

and if produced southwards will bisect the line joining Stradbally and Kilmac-

thomas, in the county of Waterford. On the other hand, a line drawn through

either Camaros or Oulart granitic patches, in the direction of their axes, will

reach the same point.

The first of these lines, which represents the mean direction of the granitic

patches of the northern district, is also the mean direction of all the trappean

patches, both northern and southern.

The direction of this line is

42°30'E. ofN.

It does not deviate much from the system of the Hiindsruck, which at Milford

Haven has the bearing

—

48° 48' E. of N.

It is, perhaps, not merely by accident, that a line drawn from the point

half-way between Kilmacthomas and Stradbally to Tuskar Light, passes along

the line of junction of the Carnsore granite and the altered slates of the ex-

treme south-east of Ireland. The meaning of these facts is not known, but
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there is some reason to thmk that the central point of the erupt.ve forces thathave operated on the south-east of Ireland was situated somewhere in the wesof the county of Waterford.

3. Felstones of the South-East ofIreland.-Th^ felspathic traps which areassociated w.th the Cambro-Silurian slates of Wicklow, Wexford, and Water-

tLZ7^ '/ S''
^°'^^^"^P°—^ -^^^ the slates, in which they occur

inte stratified. They resemble the granite of the main axis in chemical com-
position, although quite dissimilar in appearance. This resemblance and
dissimilarity may be seen from a study of the following Table, and the descrip-
tion ot the rocks that accompanies it :-

Table XV.

Analysts of Felstones.

Silica, ....
Alumina, . . .

Peroxide of iron,

Lime
Magnesia, . . .

Potash, . . .

Soda, ....
Protoxide of iron,

Loss by ignition,

Totals

Ballymurtagh.

1

81-36

7-86

3-32

0-99

0-45

3'09

2-63

CamckbnrD.

2

78-40

11-32

0-92

0-45

0-48

4-83

309

6-56

Bonmahon. BeDaunmore.

77-20
6-54

5-82

Carb. 1-81

0-60

3-69

3-03

1-12

99-70 100-05 99-81

71-52

12-24

3-16

0-84

0-39

5-65

3-36

1-20

98-36

Pitt'3 Head.

5

74-88
12-00

3-50

0-34

1-28

4-77

2-49

0-20

1-20

100-66

No. 2.

Description of the foregoing Felstones.

No. 1. BeU Rock, Ballymurtagh Mine, Vale of Ovoca, county of Wicklow; from a depth oftwo or three feet mthe rock, obtained by blasting; it weathers white to the depth
of a few inches owing to the kaolinization of its felspar, but the natural colour ofthe rock is a pale grayish-green; it is exceedingly hard, striking fire freely underthe hammer, but, when subjected to the long-continued action of the reducing
flame of the blow-pipe, it melts slightly on the ed^es.

°

Carrickburn, county of Wexford
; pale grayish-green°feIstone, with occasional facets

of felspar; weathers quite white; passes in some parts of the mountain into a rock
of a nodular, siliceous, concretionary structure, the concretions being 1-3 inches
in diameter, and, when broken open, often hollow, or filled with pure quartz and

4l2
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Description of theforegoing Fdstones—continued.

No. 3. Bonmahon, county ofWaterford ; pale greenish felstone, stratified; in other localities

in this neighbourhood the felstone is found in columnar masses, sometimes almost

translucent on the edges, like the hornstone of the German geologists.

No. 4. Benaunmore, near Glenflesk, county of Kerry; occurs in columnar masses, 200 feet

long; it is massive, fine-grained, with rounded specks of quartz (globuliferous)

and small occasional facets of felspar, brittle, of conchoidal fracture, somewhat
lamellar, and translucent on the edges, with a ringing clink, and striking fire freely

when struck with the hammer.
No. 5. Near Pitt's Head, half-way between Caernarvon and Beddgelert, at the summit level

of the road, caused by a band of translucent greenish felstone; pale green, semi-

translucent, with facets of felspar.

The first three of the foregoing analyses are of rocks from the district under

our consideration,

—

No. 1. Ballymurtagh, from the north-east extremity of the southern band

of felstones.

No. 2. Carrickburn, from the centre of the same band.

No. 3. Bonmahon, from the south-west extremity of the same southern

band.

The other two analyses are of rocks similar to the foregoing, but from very

difierent districts:

—

No. 4. Benaunmore, near Killarney, associated with beds of the Old Red

Sandstone epoch.

No. 5. Pitt's Head, Caernarvonshire ; from the lowest Silurians, but above

the Lingula beds and magnetico-phosphatic bands of the same county.

The difference between these felstones and the bastard granites associated

with them is evident in the relative proportions of potash and soda. The

cause was absent, whatever it was (sea water or other cause), that produced

the excess of soda above potash, and the felstones of Wicklow, Wexford,

Waterford, Kerry, and Caernarvon, are simply potash granites of the ordinary

type, that by rapid cooling acquired a stony instead of a crystalline structure,

and that appear to be contemporaneous with the beds with which they are

associated. The following Table exhibits the true character of these stony

granites :

—
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Table XVI.

Atomic Proportions of Fdstones.
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It is evident from the preceding investigation that there is a very close re-

semblance bet-ween the first three felstones, -which occur in the south-east of

Ireland. They agree -with each other, and differ from the felstones of Kerry and

Caernarvon in containing more quartz and less felspar. The average propor-

tions of these minerals per cent, are

—

Quartz,

Felspar,

41-72

58-28

100-00

The felstones of the south ofIreland have been frequently compared to the

clinkstones of Auvergne and other volcanic districts. They may be considered

as the palseozoic representatives of the clinkstones, but differ from them in

several important particulars. Their agreement and difference may be well

seen from the following analysis of a clinkstone from Roche Sanadoire, near

Mount Dor, collected by Mr. Jukes.

Table XIX.

Clinkstone/rom'Eoche Sanadoire, near Mount Dor.
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larly soda, is very great, and that of silica is small, as compared with the palieo-

zoic felspathic traps of the counties of Wicklow, Wexford, and Waterford.

4. Greenstones associated with the Felstones of the South-East of Ireland.—
Although the greater number of the trappean rocks, which occur bedded con-

formably with the slates of Wicklow, Wexford, and Waterford, are decidedly

felspathic in their character, there are found occasionally other rocks which

are genuine greenstones, which occur under precisely similar conditions, and

are often intimately connected with the felspathic rocks. In fact, one of the

most interesting questions connected with the physical geology of this district

is the discovery of the precise relation between the greenstones and felstones

which are interstratified with the slates of the Cambro-Silurian age. The data

for the solution of this question do not yet exist, and the following analyses

of two greenstones from the north-eastern extremity of the trappean bands of

rock must be regarded as only a first, and that a small contribution, to our

knowledge of this subject.

The two specimens analyzed occur close to each other near West Aston,

county of Wicklow ; and are totally different in physical appearance and cha-

racter, though probably similar in their origin.

Table XX.

Chemical Composition of West Aston Greenstones.

Silica, ....
Alumina, . . .

Peroxide of iron,

Lime, ....
Magnesia, . . .

Potash, . . .

Soda, ....
Protoxide of iron,

Loss by ignition,

Total

52-08
15-60

5-75

6-52

8-40

3-80

2-92

2-57

2-24

99'88

57-88

15-20

7-50
4-81

6-34

3-03

2-67

1-35

1-04

99-82
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Description of the foregoing Greenstones.

No, 1. West Aston; dark greenish-gray rock, with glancing surfaces of bronze mica, and

alternating parallel faces of felspar of high lustre. It is composed of

—

(a) Felspar, pale greenish; translucent, with \ in. irregular shining faces,

giving a remarkable aspect to the rock.

(6) Bronze mica, faces sometimes J in. by
-J

in.
;
presenting the same glancing

effect as the crystals of felspar.

No hornblende of any kind visible; the felspar predominates, but the thin flakes of

bronze mica are very conspicuous.

No. 2. West Aston; fine-grained crystalline greenstone, into which the rock No. 1 probably

passes. It is composed of

—

(a) Felspar, white, with occasionally a pale greenish tinge; semi-opaque.

(6) Mica, rarely white; in minute flakes, passing into a greenish amorphous
mineral, apparently in equal quantity with the granular white felspar. It

is a leaden-coloured greenish mica, not either hornblende or chlorite.

An inspection of the foregoing analyses is sufficient to prove that these rocks

belong to the basic group of igneous rocks. In the absence of all information

as to the chemical composition of the separate minerals composing them, it

would be impossible to interjiret the analyses so as to deduce from them the

mineralogical composition of the rocks.

Two different hypotheses may be made respecting these rocks :

—

1st. They may be regarded as proceeding from a different molten rock

mass from that which produced the granites and felstones of the district. In

this case their chemical composition is an ultimate fact, and there is nothing

more to be said respecting it.

2nd. They may be regarded as metamorphosed granite, i. e. granite con-

verted into syenitic greenstone by the addition of bases which acted as fluxes.

If we knew the bases that were added, or their relation to each other, we should

be able to effect the solution of equations similar to (22), established for the

Coollattin granite. In the absence of this knowledge, we are driven to use pro-

bable hypotheses.

I have already considered two hypothesis (A) and (B), both of which are

rendered extremely doubtful from our ignorance of the precise nature of the

rock that was added to the molten granite. On the present occasion I shall use

a third hypothesis, which is perhaps as improbable as either (A) or (B), but

which will serve to bring out prominently the real differences between the gra-

nites of the main chain and the greenstones associated with the felspathic traps.
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Table XXI.

Quantities ofElemenls to be added to 100 tons of Main Chain Granite, to convert it into Oreenstones of

West Aston, No. 1 and No. 2 ; on the hypothesis that the Silica remains unchanged in amount during

the metamorphism.

Silica, ....
Alumina, . . .

Peroxide of iron.

Lime, ....
Magnesia, . . .

Potash, ....
Soda, ....
Protoxide of iron,

Loss

Total,

1





1:/JL UiLUlyJ-l^^li mill'

oril)e LOWER PAL/EOZOIC DISTRICT of llio

SOCTlt EAST OF /AfeXJJX*.



i



( 623 )

XII.

—

On the Constants of the Barometric Formulce wh'c make correct allow-

ancefor the Hijgrometric State of the Atmosphere. By Henry Laws Rennt,

M.B.I.A., Lieutenant, Royal Engineers, Betired List.

EeadJunel4, 1858.

IN a paper which I have already submitted to the Royal Irish Academy, and

which has been published by the Academy, I have given a formula which

makes correct allowance for the hygronietric state of the atmosphere. In this

paper I have stated strongly the necessity of a new constant, to be determined

by a considerable number of observations, hygrometric as well as barometric,

inasmuch as the constant recommended by Laplace (viz., 18336'0 metres

= 60158-57 English feet), having been obtained without a systematic and cor-

rect consideration of the influence of the vapour of the water of the atmosphere,

must of necessity be erroneous.

In submitting my former paper to the consideration of the Academy, I was

aware that such paper, without a new constant, was no n ore than a theory prac-

tically useless ; but as I had reason to believe the theory sound, having studied

it with very great care, I did not hesitate to submit the formula containing it

(though incomplete) to the Academy, being aware that at any future period,

any person acquainted with the subject, and having opportunity to make

the necessary observations, could with faci i
_, work out the desired new

constant.

Circumstances have enabled me to obtain the new constant, as also much

valuable information connected with the subject of barometric observations,

which I have now the honour, very respectfully, to submit to the judgment of

the Academy.

When, in my former paper, I stated the necessity of obtaining the new

VOL. XXIIL 4 N
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constant by a considerable number of observations, hygrometric as well as baro-

metric, it was my opinion (an erroneous one) that in this way only such con-

stant was to be determined. I made arrangements, therefore, early in the year

1857, for such observations, during my residence at the head of Lake Geneva,

near to the Castle of Chillon. In a work of this kind the first thing to be done

was evidently to obtain, by means of accurate spirit-levelling, the heights of

various stations above a common starting-point, the height of such starting-

point above the level of the sea being known, if not with the precision obtained

by spirit-levelling, at all events approximately. Both these objects have been

attained satisfactorily : the first, by my own personal exertions, working with

the very best instruments of London manufacture ; the latter, by the labours

of civil engineers, French and Swiss, who have connected the level of

Lake Geneva with the level of the sea at the Gulf of Lyons, by accurate spirit-

levelling.

My own starting-point was the central one of three iron bars, connected

with the Limnimetre of Geneva, at the north-west foundation stone of Chillon

Castle. My highest point is upwards of 1000 English feet above the founda-

tion stone of Chillon Castle, near to a new hotel, called " Pension Eigi Vau-

dois," immediately above the village Montreux.

Several intermediate points have been determined by me with peculiar care,

and connected with the extreme points of the levelling operations.

It will, I believe, be satisfactory to the Academy to be made acquainted

with the peculiar helps and faciUties which I enjoyed in my labours near

Montreux.

I possessed two excellent mountain barometers, made by ]\Ir. Newman,

Regent-street, London ; a wet and dry bulb hygrometer, made by Ronketti,

Great Russell-street, London ; also a Gravatt level of London manufacture
;

and I was assisted by M. A. Morlott, ci-devant Professor of Geology at the

College of Lausanne, a young man of high scientific attainments. He also

possessed an excellent syphon mountain barometer, together with a wet and

dry bulb hygrometer, both of Vienna manufacture.

At the commencement, and for some time afterwards, of the joint labours of

M. A. Morlott and of myself, I frankly confess I did not entertain much

hope of being able to make a number of observations sufiiciently great to be
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able to determine the desired new constant as accurately as it was my wish to

determine it ; when, in examining with care the formula already submitted to

the Academy, I perceived that as it takes account of every quantity, however

small, of aqueous vapour which may be formed in the atmosphere, it necessa-

rily answers for a state of atmosphere in which the vapour of water becomes

nothing; consequently, the desired new constant must be such as belongs

to a formula suited to a hypothetic atmosphere consisting of absolutely dry

air. Now the constant for such a fornuila is obtainable from the well-known

equation

C= j7— „ metres;

in which C represents the desired new constant ; M^ the modulus of common

logarithms ; and D the ratio of the specific gravities of dry air and quicksilver,

under a pressure of 0'76 metres of quicksilver. For proof of this equation, and

the mode of obtaining the required new constant, vide Appendix, pp. 658,

659, and 660.

The constant obtained in this manner for latitude 45°, at the level of the

sea, at freezing-point = 18404-9 metres = 60384-6 English feet {vide Appendix,

page 659).

It is worthy of notice, that the constant thus determined from the considera-

tion of the ratio of the specific gravities of dry air and quicksilver, is more cor-

rect than a constant obtained from any number, however great, of observations

hygrometric and barometric, because, although by a very great number of obser-

vations, their unavoidable errors, sometimes over and sometimes under the truth,

may be neutralized, or rendered for practical purposes insensible
;
yet the errors

which arise from assuming the arithmetic mean of temperatures, given by the

detached thermometers, to be the real mean temperature of the atmospheric

column between the stations of observation, cannot be in the least degree dimi-

nished by any number of observations, however great. It is, moreover, worthy

of special attention, that without a formula, which makes correct allowance for

the hygrometric state of the atmosphere, the new constant obtained by means

of the equation

C= T7—7^ metres,

4n 2
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could not be applied in practice; and it is in this point of view that the correct

formula, already communicated by me to the Academy, is possessed of greatest

interest.

Although the labour undertaken by me, in co-operation with M. A. Morlott,

near Montreux, was in no way necessary for obtaining the new constant, yet I

do not regret the employment of time on such labour, forasmuch as the obser-

vations made at Montreux have been very useful in another direction, which

will appear to the Academy before this paper is concluded.

In the midst of my work near Montreux, and after I had made use of the

constant 18404'9 metres (obtained from the consideration of the ratio of the

specific gravity of dry air to that of quicksilver), in calculating several obser-

vations made at that place, M. E. Plantamour, Professor of Astronomy at the

Academy of Geneva, having been apprised by M. Morlott of my efforts to im-

prove the barometric formula, forwarded to me a copy of his quarto, entitled

" Eesume des Observations Thermometriques et Barometriques, faites a I'Ob-

servatoire de Geneve et au Grand -Saint-Bernard, pendant les dix annees,

1841 h. 1850, suivi de tables Hygrometriques, calculees d'apres la formule de

Bessel, par E. Plantamouk, Professeur d'Astronomie de Geneve." M. Plan-

tamour afterwards sent me a second copy for the Royal Irish Academy, which,

with two other tracts, containing very valuable matter, I have deposited in the

Library of the Academy.

The importance of these three tracts in reference to the new constant and

the new formula3, which make correct allowance for the hygrometric state of

the atmosphere, can be understood only by such persons as may have time and

opportunity to peruse them.

I have now to inform the Academy that the constant which I had obtained

from the equation

n 076

making use of the experiments of Eegnault at Paris, differs from the constant

obtained by M. E. Plantamour from the same equation by only _the tenth

part of a metre (not more than four English inches) : the constant of M. Plan-

tamour being 18404'8 metres, my own being 18404'9 metres. The latter

value, viz., 18404'9 metres, had been employed by me in calculations from
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my observations, hygrometric and barometric, made near to Montreux, some

time before I had heard of M. Plantamour or liis labours in this depart-

ment of science, making use of my own formula before I had seen or heard

anything of Bessel's formula. It is satisfactory to reflect that, as to results

of calculation, there is a perfect agreement between those of Bessel's for-

mula and those of my own, although their forms are strikingly different.

The truth of this statement will appear by-and-by, when we apply them to a

series of observations, hj'grometric and barometric, made during a continuous

period of ten years, from 1841 to 1850, both years inclusive, by night as well as

by day, at the Convent of the Great Saint Bernard and Observatory of Geneva.

This accordance is equally striking when we apply the formulis to observations

made simultaneously at Mont Blanc and the Convent .of Great Saint Bernard,

and to my own observations made near Montreux in the spring of the year

1857.

Before I present to the Academy such results, I desire to state clearly my
reason for believing that the constant recommended by Laplace, viz., 183360

metres, is altogether too small, and ought to be replaced without hesitation by

the new constant, 18404'9 metres. In the first place, the height which it gives for

Convent Saint Bernard above Geneva Observatory is less than the true height,

ascertained by accurate spirit-levelling, by more than 16'0 metres ; whereas,

the error by my new constant is little more than 4-0 metres being less than

error by Laplace's constant by 12-0 metres. True it is, that part of the error

of Laplace's formula is to be attributed to the fact that the allowance for the

presence of vapour of water, according to Laplace's unhappy mode of allowing

for it, is too small by more than 3 metres
;
yet, taking this into account, there

remain 9 metres of error to be accounted for. There can be no doubt, there-

fore, that the constant is too small, and indeed this can be proved by the very

mode employed by Laplace in arriving at it. For if we consult the tract,

entitled " Sur la determination des Hauteurs par le Barometre par Monsieur E.

Plantamour" (being one of the two tracts presented by me to the Academy),

at page 6 we read that Laplace, in the calculation of his constant (viz.,

1833G-0 metres), made use of a set of observations, barometric and thermome-

tric, by Ramond, in the Pyrenees, made at noon in the fine weather of the

summer months.
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Now, it is established by experiments which admit of no controversy, that

barometric observations made under such circumstances give heights altoge-

ther too great, and this agrees with statements made by Ramond himself, who

tells us, in his second memoir, that at the tops of mountains, as also on the

plains and in the bottoms of valleys, the barometric observations of the fore-

noon as of the afternoon give heights so much the less than those made at noon,

as the moments in which they are made are the more removed from noon.

Now, as Laplace's constant was calculated from observations made at noon

iu the fine weather of the summer months, which invariably gave heights greater

than the true heights, if employed in calculations made with a correct constant,

it follows, as a mathematical certainty, that the constant thus determined must

be too small ; because the error in excess, arising from such observations, is

caused by the fact that the arithmetic mean of the temperatures, as given by

the detached thermometers, is greater than the real mean temperature of the

atmospheric column, situate between the stations of the barometric observation.

Now, the well-known formula of barometric calculations is

/f=Cxlog|x(l + z/-±^ or C=
H

1-f/
t + t'

xlog
B
B

in which equations, C represents the constant of the formula ; H is assumed

as the correct height of one station above the other ; B, B' are the true pres-

sures of the atmosphere ; I is the expansion of air for one degree of tempera-

ture, and t, t' are the temperatures as given by the detached thermometers.

tA-t'
Now, if in these equations, —5- be too great, it is obvious that C must be too

small. Thus we have double testimony to induce us to believe the constant of

Laplace to be too small.

It is, however, consolatory that in giving up Laplace's constant, it is to

make room for another, obtained in a better way, and subject only to such

small errors as are inseparable from the mode of obtaining the ratio of the

specific gravity of dry air to that of quicksilver. I have not the least hesita-

tion in declaring my belief that the new constant, thus obtained, being subject

only to such error, is very much to be preferred to a constant calculated from
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even an extremely great number of observations, hygrometric as well as baro-

metric, because of the error arising from assuming the arithmetic mean of

temperatures as given by the detached thermometer to be the real mean tem-

perature of the atmospheric column between the stations of observation.

For it is to be borne in mind, that this last eri'or in no way resembles the

unavoidable small errors of observation, which are sometimes above, sometimes

below the mark, and which errors may be rendered (for practical purposes)

nearly insensible by using a sufficiently great number of observations. In fact,

the error connected with the mean temperature of atmosphere,—when observa-

tions by night as well as by day are made,—have the same sign, being minus

(-), which has been established as fact by the result of ten years' observations

made at the Convent of the Great Saint Bernard and the Observatory of Geneva,

when compared with the height of the Convent above the Observatory,

obtained by extremely accurate spirit-levelling. This fact will be pointed out

to the Academy in a satisfactory manner, before this paper is brought to a

conclusion.

I have now to call the attention of the Academy to a small Table, showing

the heights of the Convent of the Great Saint Bernard above the Observatory

of Geneva, as calculated by the formula of M. E. Plantamour (which is only

a variety of Bessel's formula), as calculated by formula of Bessel, as calcu-

lated by my own formula, as calculated by that of Laplace, as calculated by

that of Batley, the same with that of Poisson (this latter being but a modifi-

cation of Laplace's). The same Table shows the error of each formula ; also

the influence of the vapour of water of the atmosphere in adding to the height,

as calculated from a formula suitable to an hypothetic atmosphere of simple

dry air. The errors shown in this Table have been obtained by comparing the

heights, as calculated by the five formula, with the true height, ascertained by

extremely accurate spirit-levelling.

—

(Vide tract, entitled "Nivellement du

Grand-Saint-Bernard, par Messrs. F. Burnier et E. Plantamour," being one

of the tracts which I have presented to the Academy.

)

Let i? represent the height of the Convent of the Great Saint Bernard above

the Observatory of Geneva, as obtained by calculation from the mean of ten

years' observations, hygrometric an I barometric, made by night as well as by

day, at the Convent and at the Observatory, from the year 1841 to 1850, both
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years inclusive (for such observations vide M. Plantamotte's quarto, entitled

" Resume," &c.,&c., pages 8, 21, 29, and 37 ;
also pages 51 and 57).

The true height of the Convent above the Observatory, according to

extremely accurate spirit-levelling, is 2070'34 metres.—

(

Vide tract, entitled

"Nivellement du Grand-Saint-Bernard," page 10, line 13 from the top of the

Table I.

True Height of Convent above the Oliservatory = 2070-34 metres.
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The importance of tlie following small Table, -which gives the results of the

application of the four formulaj to Mont Blanc and the Convent of Saint Bernard,

consists in its pointing out the harmony between the workings of Bessel's for-

mula and of my own. It also shows in a striking manner the peculiar defect

of the formula of Laplace, as also that by Bayley, in making allowance for

the hygrometric state of the atmosphere, when the mean temperature, as given

by the detached thermometers, is below the freezing-point, which was the case

during the ascent of Mont Blanc by Messrs. Beavais and Martins.

The respective heights of Mont Blanc above the Convent of the Great Saint

Bernard, as obtained by the four formulsE, from observations by Bravais and

Martins, compared with observations made at the Convent, are as follow :

—

Table II.

Bessel. Kenny.
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HOUR to accomplish a peculiarly important object must be set aside as

defective. This brings me to a table of horary corrections calculated by

myself, with data extremely correct, for every hour (night as well as day) of

every month of the year. My method of calculating this Table is the follow-

ing :—With my own correct formula and constant, obtained by the considera-

tion of the ratio of specific gravities of dry air and quicksilver, I made no less

than two hundred and eighty-eight distinct calculations for every hour, night

and day, of every mouth of the year, from the data supplied by M. Planta-

mour's quarto, entitled "Eesume" {vide pages 8, 21, 29, 37, 51, and 57).

Then subtracting each calculated height from the true height, as ascertained by

accurate spirit-levelling, viz., 2070-34 metres {vide tract, "Nivellement du

Grand-Saint-Bernard"), the error of each calculated height is known. Such

error, being divided by the calculated height, gives the horary correction—for

if such horary correction be multiplied by the calculated height, we necessarily

have the diflerence of calculated and true height ; and such difference being

added to, or subtracted from the calculated height, according to the sign of the

horary correction, necessarily gives the true height. Thus, as unity is to unity,

plus or minus the horary correction, so is the calculated height (given by for-

mula) to the true height. I have added to the horary correction, in Table

X., the arithmetic means of temperatures, as given by the detached thermo-

meters, which may be found in the quarto, entitled " Eesume," &c., at pages

8 and 29 ; and by inspection of this Table many striking peculiarities may

be seen connecting these means and the errors of calculated heights, some of

which, having important bearings on the subject of the present paper, I pro-

ceed to notice. By inspection of the said Table of horary corrections and means

of temperatures, it appears that the greatest horary corrections, having the

minus sign (— ), which indicate the greatest errors in excess of calculated heights,

take place at one hour p. m. ; and that for some months the highest tempera-

tures take place at the same hour, but that for other months the greatest heat

takes place at 2 p. m.

It also appears that the greatest errors of calculated heights, in defect, take

place after midnight, between 2 and 5 o'clock, and that the connexion between

greatest errors in defect and lowest temperatures, occurring during night-time,

is by no means so close as the connexion between the greatest errors in excess
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and highest temperatures occurring during the day-time. It also appears by

inspection, that the very greatest error of calculated height takes place at one

hour p. M. of the month of July ; this error amounts to 31"14 metres, as may

be ascertained by an easy calculation with the data of the Table. The greatest

error, in defect, of the entire year takes place in December at five hours after

midnight, and amounts to 26'88 metres. The error in defect of the month of

July, which takes place from two to three hours after midnight, amounts to

16'7 metres, little more than one-half of the error in excess during the greatest

heat of the day of the same month.

This Table also tells us that the horary corrections vary more between the

hours of any given month than between the corresponding hours of two con-

secutive months. It also shows us that the errors in excess are individually

greater than errors in defect, although the sum of errors in excess is less than sum

of errors in defect, which is evident from the fact that the height of the Con-

vent above the Observatory, as calculated from the mean often years' observations,

by night as by day, is less than true height by nearly 4 metres (vide Table I.

of this Paper, page 630). It also appears by inspection, that the errors are

greatest near 1 o'clock p. m. of summer months, consequently, such moments

are the most unfavourable for observations wherewith to calculate a constant

;

yet these are the moments chosen by Laplace in the calculation of his con-

stant. Doubtless, by careful inspection, other useful facts may be elicited from

this Table : one, however, of peculiar importance remains to be noticed, and

the attention of the Academy is particularly invited to it.

Wliereas we find calculated heights to be in excess during day-time, and

in defect during night-time, there must be moments when the errors of such

calculated heights are reduced to zero. Such are, obviously, the moments

most favourable for barometric observations, and they are indicated by changes

of sign from plus to minus, or from minus to plus.

By inspection of the large Table, I have ascertained the moments when the

horary corrections vanish, which are given in the small Table which I here

subjoin. Before I produce this small Table, I have to remark that the months

of January and November have but one such moment; that December has no

moment whatever when the horary correction = 0, all the calculated heights

for this month being in defect, as indicated by the fact that all the horary

4 2
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corrections of this monthhave the sign plus (+) ; that the remaining nine months,

from February to October inclusive, have (each of them) two moments when

the horary corrections vanish.

Table III.

Showing the Moments of the Forenoon and Afternoon, when the Horary Corrections vanish. Horary

Correction = 0.
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Having thus proved by well-ascertained facts the serious errors to whicli

barometric calculations are subject, even in employing the most approved for-

mula3, I have to remark that Tables of horary corrections, in the nature of

things, have only a local application. Were proof of this required, we have it

in the tract, "Surle Nivellement du Grand-Saint-Bernard," at pages Hand 12.

M. Plantamour states that, having applied his small Table of horary

corrections to two sets of barometric and hygrometric observations made by

himself, in the valley which connects Martigny with the Convent of Saint

Bernard, the use of his Table did good service as to one set of observations,

but when applied to the other, actually introduced error equal in quantity to

that of the horary correction.

It follows from this fact, that the large Table prepared by me is only good

for the stations which have furnished the observations from which it has been

calculated, namely, the Convent of the Great Saint Bernard and the Obser-

vatory of Geneva. En attendant, a sound local Table for the locality of Dublin

and for other districts, I see nothing better to be done than to employ Baylet's

formula for observations made near to noon of the summer months ; and for

other periods of the year to employ my own formula, or that of Bessel, with

the best Table of horary corrections which can be had ; and when no table of

corrections, trustworthy, is forthcoming, then to be careful to work with

observations made near to sunset, or to two hours after sunrise. For, in employ-

ing Batley's formula at such times, it virtually contains the horary correction.

As to observations made near to sunset, or two hours after sunrise, my own

formula contains implicitly the horary corrections, which vanish at such

moments. I am now desirous to state to the Academy, in words as few as

possible, the peculiar difference in form of the formula of Bessel, and of my
own, already published by the Academy.

Every one acquainted with barometric formulas knows that such formula

maybe represented byH—Nx log ^,. I now speak of formulae which make no

correct allowance for the hygrometric state of the atmosphere, and, therefore, I

make exception of the formula of Bessel and of my own.

In this equation, viz., H=Nx log -77,, H indicates the height of one station
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of observation above the other ; B and B' indicate the barometric pressures,

fully and completely corrected ; and N indicates the product of various factors

relating to latitude, to mean temperature, &c., &c.

Now, if reference be made to my former paper, it will appear that my own

formula, in making correct provision for the hygrometric state of the atmo-

sphere, differs only from formula in previous use by replacing in such formula

the expression log ^^ by the expression log ^ /ifpy N°^^' ^"^ reference

J)

to the formula of Bessel, we find he replaces the expression log -p, by the

expression ^—r-r^x'iog 7^; so that if both these new formulse be sound,

1
3V (// ) B
VBB'

we ought to have equality between the expressions,

log
B'-W(ff)

, and
1

,
B

—%VUl)''°B'-
V'BB'

Now, let any one employ even extreme values of BB', and |\/(^') in these

expressions, and he will find the difference practically insensible ;
for instance,

in making use of the mean of the ten years' observations, hygrometric and baro-

metric, made at the Convent of Saint Bernard and Observatory of Geneva, the

heights calculated, according to Bessel's formula and my own, differ only by

the hundreth part of a metre ; the heights by Bessel being 2066'36 metres, and

by my own formula being 2066'35 metres ; as to correctness, therefore, the one

formula is as good as the other, but as to facility ofcalculation, mere inspection

points out the superiority of the one over the other. There is, moreover, this

peculiar difference between the two formulis, that the differential equation, the

integration of which has produced my formula (vide former paper) is mathe-

matically correct, so that whenever the laws of the variation of atmospheric

temperature and of the elastic forces of the vapour of water shall be ascer-

tained exactly by experiment, we shall have, by a simple employment of the

well-known rules of the integral calculus, a formula for barometric observations

mathematically correct also. "With respect to the formula of Bessel, it is only a

close approximation to truth, without being mathematically and strictly cor-
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rect. This peculiarity of my own formula is but of little value if it give more

trouble in actual calculations ; but as my formula is more simple in its v^orking,

its mathematical correctness is an additional recommendation of it.

I have to observe that the expression %y{ff'), which may be designated

the hygrometric element, and which 1 have expressed, for sake of simplicity, by

the character £ in the formulse which I have given in the last pages of this

paper, differs (but insensibly) from the corresponding hygrometric element

of Bessel's formula, which is „„ ,„„ <^Fi- Ii the last pages of this paper I
o74U7

employ the character 8' (delta aspirated), for sake of simplicity, to designate the

25610
quantity aFi ; and in the Appendix I prove that for practical purposes

8 = 8', and that the one may, therefore, be employed indifferently for the other.

I have also given in the Appendix Bessel's equation for calculating the

elastic forces of vapour of water for the temperatures corresponding to such

forces, and I have found such equation of Bessel to give results very nearly

the same as those I have obtained from the Tables of Dr. Anderson, calculated

from experiments of Dalton and TJee ; the agreement is shown in the

Appendix.

As the purport of this paper is not to explain the peculiarities of Bessel's

formula, I have to state that any one anxious to see it in full may do so by

consulting M. Plantamoue's quarto, "Kesume," at pp. 63, 64, 65, 66, and

67. M. Plantamour found it so obscure and different from other formulas in

general use, that he has devoted several pages in transforming it, and I frankly

confess that, even thus transformed, it appears to me still very complicated. I

have also taken the troiible to give it a form which may be found in the last

pages of this Paper, and such form, I hope, will appear to the Academy suffi-

ciently simple for the actual work of calculation. Nevertheless, though thus

simplified, I can confidently pronounce it inferior, as to facility of calculation,

to my own, which requires only, in addition to the labour of the old formulas,

the simple subtraction of the hygrometric element, 8= %y(/f) from the cor-

rected barometric pressures.

Having now enlarged on the importance, and, I ought to say, the indispen-

sable necessity of a sound Table of local horary corrections, in order to secure the
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full benefit of the new formulte, I have now to make known to the Academy,

that, even with the help of such Table and new formula3, 1 have reason to believe

tliat the method of calculating heights by means of the barometer, hygrometer,

and thermometer, is still subject to serious error.

A scientific periodical published at Geneva, under the direction of M. E.

Plantamouk, containing observations hygrometric, barometric, and thermome-

tric, made at the Convent of the Great Saint Bernard and Observatory of

Geneva, for the month of September of the year 1855, for every second hour

between six hours a.m., and ten hours p. m., both inclusive, fell accidentally

under my inspection, and I lost no time in making calculations with my own

formula for the height of the Convent above the Observatory for such moments

of the forenoon and afternoon as, according to the large Table of horary cor-

rections, give the horary corrections = 0. Having done this, I was sadly disap-

pointed at finding the calculated height to be nearly 12 metres different from

the true heicrht.

I wrote immediately to M. A. Morlott, residing at the time at Lausanne,

requesting him to send me the observations for every month of the year 1855,

extracted from the same scientific periodical ; M. Morlott lost no time in

kindly meeting my wishes.

With the observations for every month (as well as that of September) of

the year 1855, I made calculations for the height of the Convent above the

Observatory, at the moments when, according to large Table of horary cor-

rections, the corrections vanish. The mean results of such calculations give

very nearly the same error as the calculations for the month of September, viz.,

twelve metres. But, though disappointed, I did not feel any, the least, distrust

in the new formula, being aware that the discrepancy can be explained by the

mistake of assuming the arithmetic mean of temperatures as the true mean,

which may sometimes be the case, but more often is not so. With respect to

such mistake, the new formula is in no way responsible for it. That which the

new formula proposed to do, it has done,—namely, to introduce a correct allow-

ance for hygrometric action, with a correct constant. Of three distinct defects

of the old formula two have been removed ; one still remains, and to obviate

its unhappy workings, we must look to Tables of horary corrections. The

results above alluded to are given in the following Table :

—
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Table IV.

Showing Ihe Errors of Ileighis of Convent of Saint Bernard above Observatory of Geneva, calculated

from Observations made when, according to large Table of Horary Correction, the Horary Cor-

rections vanish. The calculated Heights are less than true Heights (= 2070'34 Metres).

A.m. Errors.

January •

February, I 10
March, . .

April, . .

May, . . .

June, . .

July, . .

August,
September,

.

October,

November,

.

December, .

8 30

Mean of nine months,

February to Octobe::}

20
48

30
30
8

15

20

14 04
7-24

4-21

10-00

14-34

16-63

10-97

11-62

19-91

12-106

P. M.

M.

15

8 35
8

6 20
4 27

10

Errors.

Metres.

1-76

13-44

8-91

7 09
14-82

13 26
12-53

9 05
11-05

18-55

17-84

12-100

One moment only.

One moment only.

No moment whatever.

{Mean of nine months, Fe-

bruary to October.

Every person -who may inspect the foregoing small Table -will doubtless be

surprised at perceiving, that although the mean of errors for the nine months

between February and October (both inclusive), for the forenoon and after-

noon, are very nearly equal (the one being 12-106 metres, the other being

12100 metres), yet the errors for different months are strikingly different: for

instance, the error of the month April of the forenoon is only 4-21 metres, but the

corresponding error of the mouth October is as much as 19-91 metres. How-

ever, the errors of forenoon and afternoon are for the same month nearly equal.

Now it is to be remarked, that according to the Table of Horary Corrections,

I had reason to expect such errors to be little removed from nothing. Great,

therefore, was my disappointment. Yet there is this consolation in such dis-

appointment, that had the formula of Laplace, or any other derived from La-

place's (such as Bayley's or Poisson's), been employed instead of my own

formula, the errors had been double of the actual errors, as given in tlie small

VOL. XXIII. 4 P
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Table IV., so that although the Table of Horary Corrections meet not our

wishes, nor even our expectations, it diminishes (by one half) the errors

of the other formulas. Therefore, let us not despond,—all we desire has

not been realized, but considerable improvement has been made, and by dili-

gence and zeal more may hereafter be done. The defect of the formula which

now remains to be remedied is brought within small compass, and is simply the

error occasioned by assuming an incorrect value of the real mean temperature

of the atmospheric column between the stations of observations. Time only

can tell if any considerable improvement be possible in reference to mean tem-

perature errors, but these, ifnot removable by positive improvements in the for-

mula itself, may be rendered for practical purposes comparatively innoxious, by

sound tables of local horary correction ; and in the formation of such tables the

new formula, with new constants, will give, I believe, very important assistance.

I have now to bring forward the new formulas contrasted with the old

ones, as applied to the joint labours of M. A. Morlott and myself, near Mon-

treux, the same appearing in four small Tables:

—

Table V. shows the dates of observations, the calculated heights according

to four principal formulse, and the true height by actual spirit-levellings ; these

heights in Table V. have not as yet received the horary corrections.

Table VI. gives the calculated heights after the application ofhorary correc-

tion, as given by my large Table.

Table VII. gives the errors of heights as calculated by the four formula,

after the application of horary corrections. And

—

Table VIII. gives the influence of vapour of water of the atmosphere in

increasing the height, such as may be obtained by employing a formula suited

to a hypothetic atmosphere of dry air.

As the four heights, for which there are five observations (one of them

being determined by a double set of observations) are unknown to the Academy,

I shall designate them by the characters A, B, C, and D.
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Table V.

Showing the True Heights hj Spirit-level ; also the Calculated MeighU, before the application ofHorary
Corrections.
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Table VIII.

Showing the Increase of Jliight due to (he Influence of the Vapour of Water of the Atmosphere, such

Increase heiv.g the Difference of Calculations made upon Supposition of the Atmosphere consisting of

simple Dry Air, and ofthe Atmosphere being (as it is) impregnated with Vapour of Water.
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relative to the recommendation of Poisson to increase the constant of Laplace
by 57 metres, in order to remove from the right-hand side of the formula the

unknown quantity s, being the required height of one station of observation

above tlie other. The mistake to which I allude is this: I expressed my belief

that the recommendation of Poisson was not good, because it occasioned errors

greater than tlie unavoidable errors of observations,—in extreme cases it does

so, but more often it does not. I now believe Poisson's advice to be good, for

I have ascertained that in omitting the unknown quantity for height) c, from

the riglit-hand side of the formula applied to the height of the Convent of Saint

Bernard above the Observatory of Geneva, an error of 6-17 metres in defect

is occasioned, and that by increasing the constant of the formula by 57 metres,

according to Poisson's recommendation, there is an increase of height to the

amount of 6-39 metres,—the difference of 6-39 and 6-17 (being only 0-22

metres) is the total error caused by Poisson's recommendation. This error of

0-22 metres (less than 9-0 English inches), in a height of 2070-34 metres, is

very much less than the errors of observation.

Moreover, in reference to the height C, viz., 1015-5 English feet, near

Montreux, the error caused by Poisson's recommendation is only 0-36 Eng-

lish feet, being much less than the unavoidable error of observation. In gene-

ral, therefore, Poisson's recommendation is excellent, seeing that it very much
simplifies the calculations for height by the barometer. But the recommenda-

tion is not to be followed when the lower station is very much elevated above

the level of the sea, such as the height of the Convent of Saint Bernard compared

with the height of Mont Blanc. In such instances, when the height of tlie

lower station (as the convent) is upwards of 8000 English feet above the level

of the sea, the recommendation of Poisson is not applicable. But in the

British Isles, and even in most parts of Switzerland, the recommendation sliould

be followed. I purpose, in the formula which I am now about to propose, to

combine Poisson's useful recommendation with my own contrivance, thereby

producing a formula extremely simple, and which makes correct allowance for

the hygrometric state of the atmosphere on ordinary occasions. My method is

as follows :

—

I calculate a constant from the equation C — 7>—,— metres, in which D'M X D '
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represents the ratio of the specific gravity, not of dry air, but of an union of

dry air with vapour of water, having the elastic force belonging to the freezing-

point, to that of quicksilver, in a manner analogous to that of obtaining

the constant, 18404"9 metres of my principal formula, from the equation

C=^v—7- metres. The new constant C" = 18451'5 metres. The manner of cal-
if xZ*

culating it is given in the Appendix, pp. 559 and 660. Now, following Poisson's

recommendation of adding 57 metres, in order to remove z from the right-

hand side of the formula, with a view to simplicity, we have, for the new value

of C", 18508'5 metres. But this last constant, viz., 18508-5 metres, supposes

the air to be in a state of saturation with vapour ofwater, which is seldom if ever

the case. We have, therefore, to make a suitable deduction in consequence of

the fraction of saturation, generally (if not always) accompanying the barome-

tric observations. In order to do so, let us refer to Table I. of page 630,

where we find that the increase in the calculated height of the Convent of Saint

Bernard above the Observatory of Geneva, due to vapour of water in the atmo-

sphere, amounts to 6-00 metres, very nearly. But it appears, in referring to

M. Plantamour's quarto, entitled " Eesume," &c., &c., at page 51, that the

mean fraction of saturation for heights, calculated in Table I. of page 630 of

this paper, is 0'8 ; if, therefore, the decimal fraction 0'8 cause an increase of

height — 6'00 metres, we should have an increase of 7*5 metres, Lf the atmos-

phere were in a state of saturation represented by unity, the difference between

7'5 and 6'0 being 1-5 metres, shows the diminution to be made on total height,

in consequence of the fraction of saturation ; but 1-5 being compared with the

total height, 2066'35, gives a fraction y^Vu ^^^ suitable reduction of the constant

last obtained, in order to obtain correct allowance for fraction of saturation.

The same kind of reasoning being employed in reference to my observations

near Montreux, gives for diminution of constant the fraction g-^ nearly, being

greater than the first fraction jJfjo, because of the greater temperature of obser-

vations near to Montreux. I propose, as a medium between these two values,

the fraction yoots^ which is simple, and easily applied; therefore, taking the one-

thousandth part of 1850C-5 metres, viz., lC-5 metres ; and subtracting tlie same,

we have for the final value of constant C = 18490-0 metres = 60664-0 Enghsh

feet, very nearly.
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I will now give the proposed modified formula, with its peculiar constant.

Let z be the required height of one station of observation above the other.

Let be the mean latitude of the stations of observation.

Let T, t' be temperatures (Centigrade) of atmosphere given by detached

thermometer.

Let t, <' be temperatures (Fahrenheit) of atmosphere given by detached

thermometer.

Let T, y be temperatures (Centigrade) of quicksilver given by attached

thermometer.

Let 3, 3' be temperatures (Fahrenheit) of quicksilver given by attached

thermometer.

Let p, /3' be observed barometric pressures, not corrected for anything.

Let H. C. indicate horary corrections.

Centigrade Formula.

z = 18490-0
1
1 + 0-002695 . cos 2^! <

+ -'1
1 + 0-004

and
T -I- T

1 + 0-0035 —

V

^ J

"" ^°^
^'.

1
1+0-00018. (r-r)i-*^^-

^^

Fahrenheit Formula.

1 + 0-002222(^^4^-32

z = 60664-0
i
1 + 0-002695 . cos 20j < and

1 + 0-002 f^^^- 32
^
t + t'

> X

X log
a'

^
|3'. 11+0-0001. (3-3')}-

:(H.C.).

The multipliers 0-0035 and 0-002 must be employed in place of 0004 and

00022222, &c., whenever the mean temperature of atmosphere, as given by the

detached thermometers, may be below the freezing-point ; but I have to remark,
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that the decimal 0'002 is a very little greater than the value of Fahrenheit,

which corresponds to O'OOSo of the Centigrade thermometer ; such value is

00019444, &c., but by employing in place of this last value (for sake of simpli-

city) the fraction 0002, no sensible error is occasioned. I have also to remark,

that I have retained the increased value 0004 instead of 0-00375for expansion

of air, according to Laplace's recommendation for temperatures above the

freezing-point, having modified it for temperatures below it.

This formula is peculiarly simple ; let us now test its accuracy by compar-

ing its results with those of the complete formula already submitted to the

Academy, and published in its Transactions.

Table IX.

Showing the Results of Formula [now for thefirst time broxiglit before the notice oftlte Academy), covi-

2)ared with those of the Correct Formula already before the Academy).

Let, as before, TT indicate the height of Convent Saint Bernard above Observatory of Geneva

( Vide, page 630 of this paper).

Let, also, the heights near Montreux, as before, be designated A, B, C, and D [vide page 641

of this Paper).
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I have, however, to protest against the employment of it, or of the more

correct one already published, without the aid and co-operation of a reliable

table of horary corrections, excepting at moments of the day near to sunset, or

two hours after sunrise, when the horary corrections, if they do not vanish

altogether, are comparatively but small.

In reference to Batley's formula (as simple in form as that which I have

now just described), I have to remark, that in the absence of a correct table of

horary corrections, I advise the employment of it for observations made near

noon of the summer months ; because under such circumstances it contains

implicitly the horary corrections. It is, in fact, the formula of PoissoN, suited

to the Fahrenheit thermometer and English measure, which has been obtained

from Laplace's formula, of which the constant has been determined, as already

stated, from observations of Ramond, made in the Pyrenees near noon of the

summer months.

I now produce Baylet's formula in juxtaposition with my own modified

formula, for sake of comparison.

Bayley's Formula—Fahrenheit Thermometer.

z = 60345-6 Eng. ft.
{
1 + 0-002695 cos 20 ! j

1 + 0-002222 {^~ - 32^
j

, ^
^^^iS'j 1 + 0-0001 (3-3')!"

The following is my own modified formula, which makes correct provision

for the hygrometric state of the atmosphere, also for temperatures below the

freezing-point, in which respect the formula of Bayley is seriously faulty:

—

1 + 0-0022222 (-^- 32
J

|

^ = 60664-0Eng. ft. jl + 0-002695 cos 20ji and 1-

/tA-t'
1 -f 0-002 -^^ 32

^^°°
^-Tr+ooooi(3-30

-^"-^-^-

VOL. XXIIL 4 Q
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I have retained in my formula the values of the coefficients of the arith-

metic mean of temperatures, given by detached thermometers, as recommended

by Laplace, for temperatures above the freezing-point ; but, as a matter of

course, I liave added a diminished multiplier for temperatures below the

freezing-point.

In conclusion, I hope I may say, with confidence, and without presumption,

that the questions of the new constant, and of the action of the vapour of water

as affecting barometric calculations, need no further consideration. Of course,

if hereafter the ratio of the specific gravity of dry air to that of quicksilver be

more accurately determined by experiment than at present, the constant of my
correct formula will be thereby improved ; and, if also a more correct expres-

sion of the expansion of air, under increase of temperature, a corresponding

improvement will thereby be obtained ; but small indeed will be such improve-

ments compared to those which will result from the employment of correct

tables of horary correction, or from a more correct method than the present one

of estimating the mean temperature of the atmospheric column between the

stations of barometric observations. To these particular objects all attention

ought now to be directed, for here at present is the weak side of barometric

levelling. To obtain these objects, too many hands cannot be employed in

making observations,—hygrometric, barometric, and thermometric,—the results

of which, being compared with heights accurately determined by spirit-levelling,

may furnish data for such purpose.

But such will require time ; when, however, a considerable number of

correct local tables of horary correction shall be produced, by a careful compa-

rison of the same, it is not improbable that general tables may be formed, which

shall be applicable to extensive portions of the Earth's surface, and by happy

combinations of the logarithms of horary corrections with the logarithms of the

other coefiicients of the formula, methods of calculation may be contrived,

which will give, with little trouble, beyond that of inspection, approximate and

closely approximate values of the height of stations of barometric observations

one above the other.

Having now fairly exhausted my subject, I will only add a slight summary

of what I have already stated in detail.

The mode adopted by Laplace of making allowance for the hygrometric
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state of the atmosphere, confessedly erroneous as to temperatures below the

freezing-point, has been shown to be erroneous for temperatures also above the

freezing-point. The constant recommended by Laplace has been proved to be

too small, and has been replaced by a constant obtained by the consideration

of the ratio of the specific gravity of dry air to that of quicksilver, and the con-

stant thus obtained is necessarily more correct than a constant obtained by
means of observations, however nvunerous, barometric, hygrometric, and ther-

mometric. This better way of obtaining the constant has been rendered

available by the peculiarities of the new formula, and it is in this point of view

that the new formula is so peculiarly valuable.

The indispensable necessity of tables of horary correction, in order to

obviate the mean temperature errors, is placed beyond the possibility of con-

troversy, and the importance of the new formula as a valuable help to work

out hereafter such tables has been made apparent.

But we are warned by the facts of this paper, that with even the assistance

of a sound table of local horary corrections, we are not to expect exemption

from serious error on all occasions ; it is, however, satisfactory to know that

where error be not altogether excluded, it is diminished at least one-half by the

working of the new system.

Moreover, the heights calculated by the new formula agree in a very satis-

factory manner with the working of a formula of the same kind given by Bessel,

in use on the Continent. Its superiority to that of Bessel appears by simple

inspection. But forasmuch as the trouble of making hygrometric observations

is not small, and as the advantage of such trouble on ordinary occasions is not

great, in order to dispense with such trouble I have given a peculiar formula,

peculiarly simple, which on ordinary occasions renders hygrometric observations

unnecessary, and yet makes provision sufficiently correct for the hygrometric

state of the atmosphei'e.

4q2
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Various Formulce for determining the Height of Mountains, by means of Obser-

vations, Barometrical, Hygrometrical, and Thermometrical.

Let z be the height of one station above the other.

Let h be height above the level of the sea of lower station, supposed to be

knoivn.

Let h' be height above the level of the sea of upper station, as yet un-

known.

Then z^{h'-h).
Sletres.

Let r be radius of the Earth = 6369668-0 metres = 20898240'0 English feet.

vfi

Let r be j4, a known quantity.
r + h

^ '

rh'
Let T-, be x, as yet unknown, to be determined by formula.

r-\-h'
'

X- A-
Now, it is easy to prove that z - {h' - h) = {x - A) -\ , very nearly.

Let C be the constant for latitude 45°, at the level of the sea, at freezing-

point, and = 18404-9 metres = 60384-6 English feet : vide Appendix.

Let ^ be the mean latitude of stations of observation.

Let f be half the increase of gravity from the Equator to the Pole of the

Earth =0-002695.

Let k be expansion of air for one degree of Centigrade thermometer

= 0-003665.

Let I be expansion of air for one degree of Fahrenheit = 0-002036111.

Let m be expansion of quicksilver for one degree Centigrade = 0-00018.

Let n be expansion of quicksilver for one degree Fahrenheit =0-0001.

Let j3,
/3' be barometric pressures of atmosphere at lower and upper stations

of observation.

Let T, t' be temperatures (Centigrade) of the atmosphere at lower and

upper stations of observation, as shown by the detached thermometers.

Let t, t' be temperatures (Fahrenheit) of the atmosphere at lower and upper

stations of observation, as shown by the detached thermometers.

Let T, T' be the temperatures (Centigrade) of quicksilver of the barome-

ters of the lower and upper stations, as shown by the attached thermometers.
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Let 3, 3' be the temperatures (Fahrenheit) of quicksilver of the barometers

of the lower and upper stations, as shown by attached thermometers.

Let/,/' be the actual elastic forces of vapour of water of the atmosphere

at the lower and upper stations, and very nearly equal to the elastic forces pe-

culiar to the dew-points of the lower and upper stations, as given by an approved

table of elastic forces (or tensions) of aqueous vapour, or otherwise obtained.

Let Fi be the elastic force (or tension) of aqueous vapour, peculiar to the

arithmetic mean of temperatures of the atmosphere given by the detached ther-

mometers, as obtained from an approved table of elastic forces of vapour, or

otherwise.

Let a be the mean fraction of saturation of the atmospheric column between

the stations of observation, assumed to be equal to the arithmetic mean of frac-

tions of saturation of atmosphere at lower and upper stations.

Let %/{//') be c ; £ being designated the hygrometric element.

Let aFi be c (8'= 8 very nearly : vide Appendix).

Let p(l + '^ he£.

Letp'\l + m{T-T')\ = p'\l + n(U-:i')\ he B'.

B and B' are, therefore, the values of ^, /3' (barometric observed pressures)

corrected for differences of the specific gravities of the quicksilver of the baro-

meters, arising from differences of temperature of attached thermometers, as

also from differences of gravity occasioned by height of one station above the

other.

Let (H. C.) designate horary correction.

Benny's General Forrmda, in its most General Form.

. = Cjl + fcos 201 }l-f^jjl+A:^'j log |^±(H.C.), Cent.

.=.C|l-ffcos20|}n-?^jjl-|-Z(^'-^-32){log|^V(H.C.),Fahr.

The character z in the above two formulae, as also in all the following

ones, replaces the character H as found in the formula; of pages 444 and 446

of this volume ; the character z is that employed by Poisson in his formula.
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Bessel's General Formula.

(^-^)=<7|l+fcos20| jl+A;'!^[^^_ 8' >log§±(H.C.),Cent.

VBB'j

X- A-
z-(x-A) + -.

r r

Kenny's General Formula, having Constant and Coefficients in Figures,

z = 18404-9 metres
\
1 + 0002695 cos 2^1 jl + "^ihlli ji + o-003665'^j x

xlog|^g±(H. O.Cent.

1+^—^" X
r I

X jl + 0-00203611 (^-y^-Ss]! log |^g± (H. C), Fahr.

Bessel's General Formula, having Constant and Coefficients in Figures.

Metres. j. ' 1
'' ^

{^-^) = 18404-8 11 + 0-002695 COS 2^) I
jl + 0-003665 ^^^ \

c'
\

^
^ t -/BB'j

xlog|±(H.C.).

z-(x-A)^ .

r r

Kenny's Correct Formula, adapted to the Latitude of Dublin = 53° 23' N.

Metres. / 9^4,^1 l A- '\ Ji "

^= 18390-5 1 +—^— 1 + 0-003665^ logJ—^ ± (H. C,)- Cent.

r = 60337-5 jl +^j jl + 0-002036111 (^'-32)j log |^±(H.C.),Fahr.
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Kenny's peculiar Formula, which dispenses with Hygrometric Observations ; also

removes {z)from the right-hand of the Equation.

t + tM
1 + 0-004

Metres.

^ = 18490-0jl + 0-002695cos2(/)| <j
and

1 + 0-0035

X log ^7

T + T

13'
'

> X

Eng. ft

^'ji+o-oooi8(r-r'j

1 + 0-002222 ('-i^- 32

^±(H.C.), Cent.

z = 60664-0
1
1 + 0-002695 cos 20 i

^ and

1 + 0002 (''-^-32

> X

^^°°^WMMr(33F)|-(H-C-XF^^-

Kenny's peculiar Formula, which dispenses with Hygrometric Observations ; also

removes (z), the unknown quantity, from the right-hand side of the Formula,

adapted to the Latitude of Dublin = 53° 23' N.

Enj. ft

2 = 60616-7
-(

1 + 0-0022222 (^^ -32

and

L

1 + 0-002 f^'- 32

Mog ^
/3' 1 1 + 0001 (3 -3')!"

±(H. C), Fahr.

Batlet's Formula, adapted to Latitude of Dublin = 53° 23'.

Eng. ft. /f A-f'
^ = 60298-7

i
1 + 0-0022222, &c. ( -^ - 32 log

/3' 1 1 + 0-0001 (3- 3')

r

Mr. Kenny's formula (-when there are no tables of horary correction) ought

only to be used near sunset, or two hours after sunrise. Bayley's formula can be

used with safety only for observations made near noon, during the fine weather

of the summer season, and when temperature is above the freezing-point.

VOL XXIII. 4 E
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Table XI.

—

Horary Corrections suited to the Convent

In order to make u3e of the Table of Horary Corrections, multiply the height obtained by calculation from the Barometric Observations, by t,

calculated hci§

Hours.
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APPENDIX.

On the Constants of the Barometric Formul.i:.

0*7fi
The expression C = -r-. j-. metres, by which is calculated the constant of a baroraetric

formula for a suppositious atmosphere of simple dry air, perfectly free from vapour of water,

in which expression C represents the constant of the formula, M the modulus of com-

mon logarithms, and D the ratio of the specific gravity of dry air to that of quick-

silver, under a pressure of 0-76 metres of quicksilver, may be obtained in the following

manner :

—

It is obvious that the height of a column of dry air of uniform density = —jj metres.

Let us now suppose a column ofdry air to be divided into an extremely great number ofstrata

of equal thickness. Let n be a number extremely great : consequently the thickness of the

lowest stratum (as also that of every other stratum), or the distance between the lower and

upper surfaces of such lowest stratum, may be represented by the quantity - metre. It is

also obvious that the density of such stratum (though not mathematically uniform) has

uniformity for its limit of variableness. If we now assume as measure of the pressure at

the lower surface of the lowest stratum, the height of a column ofdry air of uniform density

= -jr- metres, we have for measure of pressure at the upper surface, distant from the lower

surface, by a quantity = - metre, the expression —j=r metres. But n being a number

extremely or indefinitely great, in place of these expressions we may employ the expressions

-K- + - and -?r-; making use of the well-known barometric formula (A =Cx com. log. -,D n D ° ° p
in which h is the height of one station above the other, C is a constant quantity, sxidip,p

ro-76

are the pressures at the lower and upper stations, we have - = C x com. log.

0-76 1 1

0-76 [

'

or,

^c..,,«„„.io,.]i.l„^j = c.*|l„^-l(i„4,)M.c.j,
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or,

^~
^~Z5 iT7~zrv 1 1 / z)

^^
|o-76

~
ra 2 io-76j

""
n» 3 i^O-TeJ

" '^°-

But Z) is a fixed quantity, very small, and w is a number indefinitely great; we may, there-

fore, omit in the denominator of the right-hand side of the last equation, every term after

the first. Doing so, we have

—

^ 0-76

My. D metiea.—Q.E.D.

Now M= 0'43429, and from calculations made by experiments by Regnault at Paris,

we have at freezing-point, for the value of D at the level of the sea of latitude 45°, the

1 0'7fi
expression D = „ ; these values being substituted in the equation C = -jr j^

metres, we have C = 18404-9 metres, consequently C (the constant for an atmosphere of

dry air, at the freezing-point, at the level of the sea of latitude 45°) = 184049 metres.

Let us now calculate a constant C for an atmosphere consisting of an union or mixture

of dry air and vapour of water, having an elastic force (or tension) represented by F
metres, peculiar to the freezing-point, such as maybe found in an approved table of elastic

forces of vapour of water, or obtained in any other manner correctly, such union or mix-

ture being under a pressure of 0'76 metres of quicksilver.

Let D' be the ratio of the specific gravity of such an union or mixture of dry air and

vapour of water (£> being the corresponding ratio of dry air alone) to that of quicksilver,

under a pressure of 0'76 metres of quicksilver at freezing-point.

Now it is well known that D' = D jl - rr™::!. for proof of which, vide former paper by

Mr. Renny, Article 2, p. 439, supra.

But |i^= 000190 metres, and D = ,„,,_ „ , therefore we have

—

10ol7o

r,,
1 (, 0-001901 1

^ " 105rr3 r " 0^76000) " i054F7
'"'''"'''•

T, ^, 0-76 0-76 ,„,^, ^But C = -Tr—n, metres = metres = lo451-5 metres.

^•^2*^^''l054r7

Reproducing our constants, we have

—

Being the constant of a barometric formula for a suppositious

C = 18404*9 metres | atmosphere of dry air, at the level of the sea, freezing-point, of

latitude 45°.
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Being the constant for an atmosphere (consisting of an union or

mixture of dry air and vapour of water having an elastic force

r' i«^(ii e; (
(or tension) = 000506 metres, peculiar to the freezing-point, as

obtained from an approved Table of elastic forces of vapour of

water, or otherwise correctly obtained) at level of the sea, of lati-

tude 45°, at freezing-point.

In order to compare the formula of Bessel (employed by M. E. Plantamour in calcu-

lating the height of the Convent of the Great Saint Bernard above the Observatory of

Geneva) with my own formula already submitted to the Royal Irish Academy, it is desir-

able to prove that the expression (f \/ff',
being three-eighths of the square root of the

product of the elastic forces of vapour of water, corresponding to the dew-points) is {quam

25610
proxime) equal to aFi of Bessel's formula, in which expression a represents the

arithmetic mean of fractions of saturation at the stations of observation, and Fi represents

the elastic force (or tension) of vapour of water, corresponding to the arithmetic mean of

temperatures of stations, as given by the detached thermometers, obtained from an approved

table of elastic forces of vapour of water, or calculated by the equation of Bessel (given

in the Appendix, vide page 661), or otherwise correctly obtained.

25610
In order to prove that (for practical purposes) §\/ff= „„ .

-^„ aF^, and that it is a

matter of indifference, in barometric formulse, whether we make use of the one or the other,

I have to remark that the elastic forces ofvapour of water corresponding to the dew-points

of the atmosphere, are very nearly equal to the elastic forces of the vapour of water of the

atmosphere. Now if we consult any approved table of elastic forces of vapour of water (such

as that of Dr. Anderson, calculated from experiments by Dalton and Ure), we shall find

that the elastic forces form a geometric series (quam proxime) when the corresponding tem-

peratures form an arithmetic one, consequently ^ff' indicates the elastic force of vapour of

water belonging to a stratum of the atmosphere, situated half-way between the upper and

lower stations of observation. But as Fi indicates the elastic force of vapour of water corre-

sponding to the arithmetic mean of temperatures of stations, belonging to a stratum half-way

between the stations of observation (obtained from an approved table of elastic forces of

aqueous vapour, which supposes a state oi saturaiioii), it is obvious that to obtain the actual

elastic force we must multiply Fy by the fraction of saturation represented by a. Doing

so, we have the expression aFi. Therefore (quam proxime), V iff) = o-^i- -Buti ^Y trial, it

is easily discovered that (quam proxime), we have

—

, 25610 , „ , , _, 25610 „
,

. ,

* "
67407 '

^^^^^^^°^^ I v// = 67407
"^' (^"''"' P™'^""«)-

Seeing that these expressions are very small in quantity, it is an affair of perfect indif-

ference whether we employ the one or other, in barometric formulas. In my paper on
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the Constants of Barometric Formulae, which accompanies ihis Appendix, I have represented

the expression ^Vff' hy the character S, and the expression aF„ by the character

S'. So that for practical purposes, S = 8'.— Q. E. D.

I now bring forward Bessel's equation for calculating the elastic forces of vapour of

water (expressed in metres), corresponding to temperatures of Centigrade thermometer,

accompanied by some constant logarithms, useful in facilitating calculation.

Let J^i be the elastic force (or tension) ofvapour of water, corresponding to temperature

T + T' . .—-r— (being the arithmetic mean of temperatures, as given by the detached thermometers).

Metres.
, ^ /t + t' V

7=^,= 0-0051229 X 10+1O2W2-1 0-00006S6826(-^j

Log 0-0051229 = 3-7095159.

Log 0279712 = 2-4467111.

Log 0-0000625826 = 5-7964536.

Bessel's Equation for calculating Elastic Forces [or Tension) of Vapour of Water, adapted to

English inches and Fahrenheit thermometer.

Let F be the elastic force, corresponding to temperature t, Fahrenheit.

Eng. In.

/^= 0-0613265 X 10
+ 0-01C7757 . (' - 0-0000193156 . fi.

Log 0-0613265 = 2-7876482.

Log 00167757 = 2-2246806.

Log 00000193156 = 52859082.

Table of Elastic Forces (or Tensions) of Vapour of Water, corresponding to the Temperatures

(Fahrenheit) 0°, 32°, 50°, and 100°, as calculated hythe ahove Equation o/Bessel, and as obtained

from Anderson's Tables, madefrom experiments by Dalton and UaE.

Fahrenheit.
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Table XII.

Metres.

Height above level of the sea, by accurate spirit-

levelling of the cuvette of the barometer of the

Convent of the Great Saint Bernard, ....
Height above level of the sea, by accurate spirit-

levelling of the cuvette of the barometer of the

Observatory of Geneva,

Height above level of the sea, by accurate spirit-

levelling of the zero of the limnimetre, Geneva,

Height above the level of the sea by accurate spi-

rit-levelling of the mean level of the surface of

Lake Geneva,

Height of Mont Blanc above the cuvette of the ba-

rometer of the Convent of Great Saint Bernard

according to barometric calculations, made from

observations, hygrometric as well as barometric,

made by Messrs. Beavais and Martins, during

their ascent of Mont Blanc, 29th August, 1844,

compared with corresponding observations made
at the Convent,

Height of Mont Blanc above the level of the sea, .

2478-34

408-00

373-86

375-92

English Feet

8131-18

1338-61

1226 60

1233-35

2339-0

4817-34

7674- 02

15805-20
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POSTSCRIPT.
(Read May 9, 1859.)

In the foregoing paper I particularly pointed out that, notwithstanding the

great improvements produced by my new Formulce, having new Constants,

assisted by Tables of Local Horary Correction, we ought not to expect exemp-

tion from serious error on all future occasions. My reasons for this my belief

were stated at pages 638, 639, and 640. At page 639 commences the follow-

ing statement :

—

" Now, it is to be remarked, that according to the Table of Horary Correc-

tions, I had reason to expect such errors to be little removed from nothing.

Great, therefore, was my disappointment. Yet there is this consolation in such

disappointment, that had the formula of Laplace, or anj' other derived from

Laplace (such as Bayley's or Poisson's) been employed instead of my own

formula, the errors had been double of the actual errors, as given in the small

Table IV., so that, although the Table of Horary Corrections meet not our

wishes nor our expectations, it diminishes by one-half the errors of the other

formulae. Therefore, let us not despond ; all we desire has not been realized,

but considerable improvement has been made, and by diligence and zeal more

may hereafter be done. The defect of the formula which now remains to be

remedied is brought within a small compass, and is simply the error occasioned

by assuming an incorrect value of the mean temperature of the atmospheric

column between the stations of observations. Time only can tell if any consi-

derable improvement be possible in reference to mean-temperature errors, but

these, if not removable by positive improvements in the formula itself, may be

rendered for practical purposes comparatively innoxious, by sound tables of

local horary correction ; and in the formation of such tables, the new formula

with new constant, will give, I believe, very important assistance."

Now, in reference to this extract, I have to remark, that in consequence of

information lately communicated to me by Monsieur E. Plantamode, I have

to modify, very considerably, my opinion concerning the mean-temperature

vol. xxnr 4 s
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errors of barometric formulte ; not that I doubt that such errors are still very

serious, but I do not now believe them to be grievous to the extent I believed

them to be, when I prepared the Table of Errors (Table IV., page 639 of

this volume). For I am now aware that the said Table IV., page 639, has

been prepared from incorrect information, published by Monsieur E. Planta-

MOTJR in a scientific periodical, which appears in monthly parts at Geneva. It

is not for me to point out to Monsieur E. Plantamodr the mode in which such

periodical should be conducted, but, in justice to myself, I have to state my
regret that inaccurate information should have been thus given to the public,

whereby I have been led into a serious mistake concerning the mean-tempera-

ture errors of barometric formulas, and have been induced to occupy unneces-

sarily the time and attention of the Eoyal Irish Academy. It now appears

that the barometers of the Convent of the Great Saint Bernard and of the

Geneva Observatory have, each, a constant error,—the error of the barometer

of the Convent being 0'70 millimetres in excess ; that of the barometer of the

Geneva Observatory being 079 millimetres in defect. It also appears, that in

the scientific periodical published at Geneva, in monthly parts, under the

direction of Monsieur E. Plantamour, the constant error of the barometer of

the Convent has been applied to the published observations made at the Con-

vent since the year 1845, so that such published barometric observations are

correctly given ; but, unhappily, similar precautions have not been practised

in reference to the published observations of the Geneva Observatory, so that

such observations require a correction to the amount of 079 millimetres.

True it is, that once a year, near the middle part of the year, summer time.

Monsieur E. Plantamour publishes in the said scientific periodical, above

alluded to, a Resume, in full detail, of observations, barometric, thermometric,

hygrometric, &c., &c., &c., of the past year ; but seeing that I had no possible

opportunity of becoming acquainted with such Resume, I have,u nfortunately,

been employing incorrect data in working out my Table, No. IV., page 639.

Perhaps it may occur to some Members of the Academy, that although it did

not seem good to Monsieur E. Plantamour to apply the necessary correction

(viz., + 0'79°™') to the barometric observations made at the Geneva Observa-

tory, as he has done to those of the Convent Saint Bernard,—yet, surely, he has

not omitted, in each monthly publication, an intimation ofsome kind or other, that
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the correction (+ 0-79"") is necessary, in order to bring the published barometric

observations to the true and real value of the observations ; but nothing of the

kind appears ; no, not even a slight statement in the pages of the periodical

containing the observations, that they require correction. Therefore, in justice

to myself, I am under the necessity of thus clearly stating the case, lest any

Member of the Academy should consider me careless or negligent in this affair.

Indeed, without the gift of something approaching to inspiration, it had not

been possible for me to have acted in this matter otherwise than I have done.

Having thus explained to the Academy how it has happened that I have been

employed (unintentionally) in misleading the Academy,—as a matter of course,

it is now necessary to dismiss, at once and for ever, the Table of Errors,

No. IV. ofpage 639, in order to make way for anew Table of Errors calculated

with correct data.

The following Table is intended to show the Errors of Height of the Convent

of the Great Saint Bernard above the Geneva Observatory, calculated from cor-

rect data, for moments of the day, mean time, when, according to the lai-ge Table

of Horary Corrections {vide Table III,, page 634, Table X., page 650 ; also

Table XL, page 656), the horary correction vanishes. This new Table con-

tains also the moments, mean time, of sunrise and sunset, for the middle day of

each month of the year, for the mean latitude of the Convent and Observatory

(viz., 46° 2' North). The correct data for the year 1855, by means of which

the contents of this Table have been calculated, may be found in the " Archives

des Sciences Physiques et Naturelles, Bibliotheque Universelle de Geneve,"

Juillet, 1856, tome 32, de la 4"' serie, No. 127, under the Article "Eesume

Meteorologique de I'annee 1855, pour Geneve et le Grand Saint Bernard," par

M. le Professeur Plantamour, commencing at page 177 of the "Archives des

Sciences Physiques et Naturelles," and terminating at page 203 of the same

Archives, &c. The Archives here alluded to are to be found in the Library of

the Royal Irish Academy. The true height of the Convent above the Obser-

vatory, by extremely accurate spirit-levelling = 2070'34 metres ; the mean lati-

tude of the Convent and Observatory = 46° 2' North ; horary correction = 0,

according to Tables X. and XI.; vide pages 650 and 656; also Table III.,

page 634.

4 s 2
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Table XIII.
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reduced to I'l metre, being an error very small indeed, about one in two

thousand parts very nearly.

With respect to errors of heights of the forenoon (from two hours to two

hours and a half after sunrise), when the horary correction vanishes, it appears

by inspection of Table XIII. that such errors are more variable and unsteady

than the corresponding errors near sunset. For example, the error for the

month of July is as much as 7-48 metres, that of June being 5-40 metres, and

that of April 4-54 metres, although the mean error for the seven months of the

forenoon, from March to September (both months inclusive), is only 1-84

metres, being but the one-hundredth of a metre different from the corresponding

mean of the afternoon (viz., 1'85 metres).

These facts clearly indicate sunset as the moment of the day most favoiu'-

able for barometric observations, and the comparison of mean sunsets for the

nine months (which have two moments, that the horary corrections vanish),

with the mean moments of adjoining column, shows the same thing; for by

Table XIIL, the mean of sunsets is 6 h. 34 m., being different only by three

minutes of time from the mean of moments of observation of adjoining column,

whereas the mean of sunrises differs about two hours and twenty minutes from

the mean of adjoining column. In my paper on the Constants of the Baro-

metric Forraulaj, to which this, my present paper, is but a supplement, I have

recommended (in absence of a reliable table of horary correction) sunset and

two hours after sunrise, as the moments of the day most favourable for baro-

metric work. I now feel disposed to modify my opinion, as to observations

of the forenoon, and to recommend, as the best moment, the moment equally

distant with sunset, from the moment of highest temperature of the day, gene-

rally between one and two hours, p. m.

As to other periods of the day, I should not be afraid to make calculations

for height by my own formula (in absence of a sound local table of corrections),

making use of the large Table X. of page 650, for the seven months from

Mar<jh to September (both months included), particularly if the arithmetic

mean temperatures, as given by the detached tliermometers, be not widely

different from the corresponding arithmetic means of temperature of Table X.

I do not, however, feel myself authorized to recommend such practice to others
;

in this matter let every one judge and act for himself, and modify his practice

according to his experience of its workings.
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Whereas the hygrometric element, £= |(\// ')> acts a very important part in

my new correct formulas, I think it advisable to give the means of calculating

it. I have given already in the Appendix, page 661, Bessel's excellent and

extremely simple equation for calculating the elastic forces (or tensions) of

vapour of water, corresponding to temperatures Centigrade, as also Fahrenheit

thermometers. I will now give Dr. Apjohn's formula for calculating the elastic

forces or tensions of aqueous vapours of the atmosphere, from observations

made with the wet and dry bulb hygrometers :

—

Dr. Apjohn's Formula for calculating the Elastic Force or Tension of the Vapour

of Water of the Deiv-point of the Atmosphere, from Observations made with the

Wet and Dry Bulb Hygrometers.

Let t be the observed temperature (Fahrenheit) of the dry thermometer.

Let t' be the observed temperature (Fahrenheit) of the wet thermometer.

Lety be the elastic force (or tension) of the vapour of water, correspond-

ing to the observed temperature t' of the wet thermometer, as ascertained from a

sound table of elastic forces (or tensions) of aqueous vapour, or calculated by

means of Bessel's equation, or otherwise correctly obtained.

Let i*^be the elastic force (or tension) of aqueous vapour, corresponding to

the dew-point of the atmosphere, being extremely nearly equal to the actual

elastic force (or tension) of the aqueous vapour of the atmosphere, and being

the unknown quantity to be determined by the formula.

We have

—

n -fF =f - 0'01135 {t — t') X ^ for temperatures above the freezing-point.

p - fF —f — 0-01014 {t — t') X ' '

for temperatures below the freezing-point.

N. B.—The character p indicates the weight or pressure of the atmosphere

in inches (as determined by a barometer, or otherwise determined accurately)
;

P -f
the value of F is given in inches ; and whereas ^ is seldom much different

from unity, this quantity may always be omitted, when calculating the value of

the hygrometric element {£ = %'/{ff')\-
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POLITE LITERATURE.

I.— On the Personal Pronouns of the Assyrian and other Languages, enpecialli/

Hebrew. By the Rev. Edwakd Hincks, D.D.

Head June 26, 1854.

1. 1 HE observations which I am about to make on the forms of the personal

pronouns belonging to two great families of languages, the Hebrajo-Assyrian

and the Indo-European, and to the Egyptian language, which is referable to

neither of these, were intended to form part of a paper on the Assyrian verb,

which I have had in preparation for a considerable time.

2. The quantity of matter, however, which I have already collected in con-

nexion with this subject, and to which I am making constant additions, is such

as to render it impossible for me to prepare this paper for publication during

the present session of the Academy. And, as what relates to the personal pro-

nouns is complete in itself, I have deemed it expedient to detach it from the

paper on the verb, and forward it at once.

3. A great deal has been written on the subject of these pronouns ; and if

ingenuity and sound judgment could have elicited the truth respecting them

from the data heretofore available, I am very sure that it would have been

elicited; I believe, however, that the data in existence have been insufficient

;

and accordingly, while I feel perfect confidence that I have attained to a correct

view of the matter, I rest my convictions mainly on the evidence furnished by

the newly discovered Assyrian forms.

4. In a paper which was read at the meeting of the British Association in

1852, I pointed out the identity of the latter part of the Assyrian andku* the

* In reading Assyrian words, the vowels should be sounded as in Italian, and the accented

syllable marked.

A 2
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equivalent of the Hebrew anoki, with the Greek and Latin ego; the final vowel

of which is dropped in the Gothic and Lithuanian sub-families, as it is in the

Coptic, and probably in the Phoenician ; while the Sanskrit sub-family annexes

a new syllable to the mutilated Lithuanian form.*

5. Two questions respecting this pronoun were unanswered in that paper.

What is the nature of the syllable an, which commences it and all similar forms

belonging to the first and second persons? and what the distinction between

the two Hebrew forms belonging to the first person singular, anoki and ani ?

I am now prepared to answer these questions, and in answering them I shall

be able to introduce all that I have to say respecting the other pronouns.

6. First then, as to the prefix an. I have discovered that it is a verbal

theme ; so that anoki is in fact the first person singular of a verb, of which atta

and attem are the second person masculine, singular and plural. In the second

person, the prominal termination is the same as what appears in verbs ; but in

the first the verb has ti and nu, while the pronoun has oki and akhnu. Look-

ing, then, to the Hebrew alone, or (I may add) to it and the languages of the

same family that have been heretofore known, there existed no good grounds

for considering an to be a verb. It is possible that it may have been conjec-

tured to be so ; but I am not aware that it was.

7. The case is different in Assyrian. In that language the first person of

the verb corresponding to the Hebrew lamadti would be lamdaku, the form of

which is identical with that of andku. Lamadti would be in Assyrian the

* The changes in the latter part of the so-called pronoun of the first person singular in the

junior members of the Hebrajo-Assyrian family are very similar to those which have taken place

in the Gothic and Lithuanian sub-families. The final vowel is retained in the Hebrew anoki and

the Assyrian anafcu, but in these only. The Phoenician ~f3S was probably pronounced anak; anah

was used in the Aramsean dialect, commonly called Chaldee; ana in the same language, and in

Arabic. The Coptic forms were anok and anak ; the ancient Egyptian was probably anuka. Let

these forms, deprived of the initial an, which is common to them all, be compared with the Maeso-

Gothic and Anglo-Sa.\on ik, the old German ih, the Icelandic eg, the Lithuanian asz, the old Prussian

as, and the Sclavonic az. The Zend form is azem, the old Persian adam, and the Sanskrit aham.

If we had only this pronoun to consider, it would be natural to suppose the final syllable in these

last forms to represent the u at the end of the Assyrian word. This is, however, an inadmissible

e.Kplanation of it, because the same syllable is attached to other pronouns, as in tivam and wayam,

where no such substitution could have taken place.
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second person singular feminine, the masculine being Idmadtd. These again

correspond to aiii and attd, which of course stand for anti and antd. Looking

then to the Assyrian language, it is quite plain that an is a verbal root, and that

the true subjective pronouns are dku, ta, and ti, corresponding to the Latin ego

and tu.

8. It is remarkable that in all the languages of the Lido-European family

the subjective pronoun of the second person singular is common to both genders,

while in all those of the Hebrseo-Assyrian a distinction of gender exists.*

From the resemblance in termination of tu to aku, it is probable that it was the

more ancient form
;
and that the double form was a refinement, made by the

one race after the other had separated from it. It is uncertain whether the

old Egyptian had one or two forms for this pronoun. It was rarely used; and

in Coptic it is altogether wanting.f

9. It is next to be considered what this verbal root an signifies. What would
first occur to most persons would be that it was the as or es of the Indo-Euro-

pean languages ; so that andku would be equivalent to the Latin sum. Further

examination will, however, prove that it must mean something more. The
Assyrian inscriptions contain a sentence equivalent to sum rex ; and this is not

expressed by sar andku, but by sarrdku. Andku is therefore something diffe-

rent from sum ; and I take it to be adsum. This verbal prefix, it will be ob-

•In Latin and Doric Greek we have /m,- other Greek, su; Gothic, Anglo-Saxon, and Icelandic, thu

old German, du; Lithuanian and Sclavonic, tu; with the addition of am, we have the old Persian

tuwam, the Zend tiim, and the Sanskrit twain; all these are equally applicable to masculines and

feminines. On the other hand, atta, and in Arabic anta, are addressed to males ; atti and alt, and

in Arabic anti, to females.

^ Antok will be explained hereafter. It is compounded o{ anto and k, not of an and to/c. No
comparison can, therefore, be made with propriety between this word and the HebrEo-Assyrian

pronouns of the second person. In a few old Egyptian forms tu is used for the pronoun of the

second person singular masculine. I do not recollect having met with these forms addressed to a

female; and I can scarcely say whether I should e.xpect tu. or ti. On the one hand, there is the fact

that the Egyptians had distinct affi.'ces h and t for the second person singular masculine and femi-

nine; but, on the other band, it should be observed that the form tu is the Indo-European one of

the common gender, not the Hebreeo-Assyrian masculine. The plural affix of the second person

is the same, to the eye at least, in botli genders. It is not certain, Iiowever, that it was not pro-

nounced tun when masculine, and tin when ftmiuiue; the short vowel, interposed between the

consonants, not being expressed.
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served, is in all the Hebrffio-Assyrian languages confined to the pronouns of the

first and second persons, the speaker and the persons spoken to, who are present

to one another ; while the pronouns of the third person are used also to repre-

sent the remote demonstrative pronouns, that and those. It is a strong confir-

mation of this view, that the Assyrian preposition ana, which must have been

originally an imperative or infinitive of this verb, denotes to, for, at, on* It is

the equivalent of the Hebrew el, or its abbreviation, the prefix le.f

10. What I have said sufficiently explains one of the two Hebrew forms

for the first person singular, anoki ; the corresponding forms in the other

Hebra30-Assyriau languages ; and the forms for the second person, masculine

and feminine, singular and plural, in all these languages. It does not, however,

explain the other Hebrew form, ani, nor the forms for the first person plural

in the different languages. Of these I proceed to speak.

11. The connexion between ani and anoki has been treated of by many

grammarians. Some have thought that the former word was a contraction of

the latter ; while others have represented anoki as a compound, of which ani

was the first part. I regard both these views as equally erroneous. I consider

the original signification of the two forms to have been altogether different. I

have shown that anoki was originally a verb " I am here ;" and I entertain

no doubt that ani is properly a noun, signifying " my presence," or " my person."

It is my beliefthat the English preposition on (the same in Anglo-Saxon ; in Mseso-Gothic, and

old German, and also in Greek, ana) is identical with the Assyrian ana; as the English, Gothic, and

Latin in is with the Assyrian ina, or, as it is sometimes written, in. In the Indo-European languages,

an is found with a signification not very different from what I have assigned to the Hebrseo-Assyrian

an; and I doubt not that they originally coincided. It is used for one of the cases of the demon-

strative this in old Persian, Zend, and Sanskrit. The corresponding Assyrian pronoun is in the

nominative masculine annu, with the second radical doubled. It is declined as a regular adjective.

Now, although it is essential to a proper knowledge of Hebrew or Assyrian grammar to consider

the roots as triliteral ; distinguishing those, for example, in which the second radical is an omissible

u or i from those in which it is the same as the third, there can be little doubt that if we go back

to the early state of the language, which we must do when we compare Hebrao-Assyrian with

Indo-European forms, we shall find the original root biliteral ; ]H alone being the parent of both

I^M, whence the Assyrian demonstrative " this," and IIS, whence the Assyrian preposition " to."

The connexion between " this " and " here" is evident.

f The interchange of I and n in the Hebrew and Assyrian forms is analogous to what we meet

in the Latin alius and alter, compared with the Sanskrit ant/ah and aniarah.
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12. In mnny contexts both these forms may be used indifferently; but

there are some in which ani alone can be used with propriety. These are the

cases where the pronoun, being otherwise expressed, is repeated for emphasis.

Such are the expressions, vaani hinneni, " and me, behold me ;" aniarii ani, " I

said, I ;" bi ani, " upon me, me."* According to my view of the matter, the

literal translation would be, " and it is my person ; behold me ;" " I said ; it is

my person;" " upon me ; it is my person;" ani, with the substantive verb under-

stood, constituting a parenthetic sentence.

13. What first led me to take this view was my observing a similar phrase-

ology in Assyrian. Xei'xes says, in one of the Persepolitan inscriptions of the

third kind, which are in a language almost identical with the Assyrian, " King

Darius, cibua, attua, my father, mine ;" literally, " the father of me ; it is my
person." In the Behistun inscription Darius says, " eight kings ina lib jiriya,

dttua, among my family, mine," literally, " among the family of me ; it is my
person." We have here dttua, which from its form must be a nominative, occur-

ring after a noun in the genitive, exactly as it did in the preceding sentence after

a noun in the nominative. This proves that it is not in apposition to that noun,

but must constitute a parenthetic sentence ; which it may do, and can only do,

with the substantive verb understood.

14. Now, on examining this dttua (which is here used precisely as the

Hebrew ani is used in the phrases that I have quoted) I find that it is an equi-

valent form of the same root. Ani consists of the indeclinable noun an, and the

affix i ; dttua (for untua, as attd for antd) consists oi ant, the feminine form of

an, with u, forming the nominative, and a the possessive afiix of the first per-

son.f The Assyrians were much more careful than the Hebrews to give the

feminine termination to abstract verbal nouns ; and they even annexed it to nouns

which were not abstract, but had in some degree the form of such. Thus, in

place of the Hebrew iris, " earth," they used irsit, or, as I prefer writing it,

irchit; in place oi bahar, "a sea, or great water," they used bahrat or bahrit,

* These three expressions occur Gen. i. 17 ; Eccl. ii. 1 ; and 1 Sam. xxv. 24. The French moi

exactly corresponds to ani when thus used.

t The exact Hebrew equivalent of the Assyrian dttua would be atti for anti. This is not used

as a separate pronoun ; but it may perhaps e.xplain the form lamadli for the first person singular of

the verb, which has completely superseded lamdoki.
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whence the fjenitive singular hahrti. The feminine form of an was, however,

not confined to the Assyrians. It was used to form all the Coptic and old

Egyptian pronouns of the second and third persons : antok, "thy person;"

antov^ "his person;" antos, "her person;" antoten, "your persons;" where the

ancient and the more recent language agree ; as well as those other forms in

which they differ. It is my belief that in these Egyptian forms, the short

vowel in the second syllable marks the singular, and the long vowel the plural;

but on this point I would not be positive. The Behistun inscription has dttunu

for " our persons," which differs from dttua only in the affix.

15. I cannot speak with confidence as to the analysis of the pronoun of the

first person plural, not having yet met with it in its Assyrian form. I conjec-

ture, however, that the Hebrew anakhnu consistsof the same verbal root which

oommences anoH, a noun signifying " a society, or company," and the posses-

sive affix, nu, " our." It would thus literally represent, " Here is our company."

The Arabic form nakhnu, which is also occasionally met with in Hebrew, is a

contraction of this. The akhnu of some Syrian dialects may be a further con-

traction of the same ; or it may be, " our company," simply, without the verb.

In support of this conjecture, I observe that the Arabic and Chaldee root akha

actually signifies " to connect ;" and that the only Egyptian pronoun of the first

person plural, which has yet (so far, at least, as I am aware) been discovered, is

a noun with afiix, " our body ;" the word implying a union of members, and the

compound being consequently very similar in its meaning to akh-nu, interpreted

as it is interpreted by me.

16. I have already said that the pronouns of the third person are also used

to express the remote demonstratives that and those. They are for the singular

in Assyrian siihii, contracted su, and sihi, contracted si
;
in Hebrew Am, Ai, in

Arabic hua, Ma. The resemblance of these to the Greek ho, hi, the Maso-

Gothic sa, su, the old Persian huwa or hii in the masculine, not found in the

leminine, the Zend ho, hd, and the Sanskrit sa, sd, has been already noticed by

many. It is indeed quite obvious. In the plural the resemblance is less close;

the plural forms being derived from the singular ones according to the genius

of the different languages. I need only state that the Assyrian forms are sunu

and sina ; the Hebrew, him or himma and hmna ; and the Arabic hum and

hunna.
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17. The Assyrian pronouns of the third person are not attached to verbal

roots in the same manner as those of the first and second are. The forms cor-

responding to lamad, lameda, lamedu, would be lavidd,* lamddt, lamdu, and

lamdu; the Assyrian distinguishing the gender in the third person plural; as

the Arabic and Syriac do, but the Hebrew does not. The Assyrian tense of

which I am speaking is used to denote state, or continued or habitual action.

Transient action, whether past, present, or future, is denoted by some tense,

the persons of which have the preformatives of what is called the Hebrew
future. There are four such tenses in each conjugation.

\Oth June, 1854.

* Or lamid; both are used, and, as it appears to me, indiscriminately.

VOL. xxni.
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II.

—

On Dreams. By the Rev. James Wills, D. D.

Bead May 28, 1855.

J-N all inquiry to which the name of science can have any just application, there

should be found some data capable of being precisely observed, and communi-

cated with suiEcient evidence. The theories of the human understanding offer

many exceptions. Too often, the experimental instance, from which alone sure

inferences can follow, is not only confined to the mere apprehension of self-

consciousness, but even removed beyond the scope of immediate or direct atten-

tion. It is, indeed, to be observed, that it seldom occurs that the processes of

the understanding are themselves the objects of thought; they are, for the most

part, so involved with whatever may happen to be the subject matter of consi-

deration, that it is only by a very laborious and difficult effort of recollection

and analysis that they can be recalled and separated. If such obstructions are

to be encountered in direct observations of the mind in its normal state, it may

be felt with how much diffidence any attempt must be entered upon to offer a

distinct and grounded theory upon the most vague, indistinct, and evanescent

operations in which the thinking faculty can be engaged.

Under this and other difficulties from the same causes, with which I will

not weary your attention, I offer the following observations and inferences

both as illustrative of views already submitted to the Academy, and as a further

contribution to that mass of experiences on the ground of which the theory of

mind may, at least hereafter, attain some reliable substance.

It would, I am persuaded, be a hopeless undertaking to ascertain upon un-

questionable ground of observation the initial process of the mind in dreaming.

Mr. Stewart, with his usual facility, has offered very specious explanations; but

these I have already shown* to be inconsistent with his own Uieory, as also

* Transaction?, Vol. xix.

b1
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with the facts of observation. I should, indeed, wholly omit this consideration,

were it not that there are some ascertained facts which lead to much interest-

ing suggestion, and which, at worst, will help to give theoretical connexion to

my subsequent statements.

The theory of the nervous system is popularly familiar, and generally

received, so far, at least, as I shall have occasion to employ it. It seems to

offer some highly probable grounds for the solution of the proposed question.

The application, I must confess, is in some degree conjectural; and for this reason

it shall be discussed as briefly as I can. According to their general theory, the

nerves seem to be, or in some way to contain, the furthest ascertainable media

ofcommunication between the mind and the corporeal machinery through which

it operates ; and, to the utmost extent of observation, this connexion seems,

without anyexception, to extend to every operation of the mind, whether mediate

or immediate, and this in such a manner that if the nervous theory were to

be even rejected, still there is clear evidence of some equivalent medium of

communication, to which all that I shall have to state will equally apply.

Secondly. There is sufficient ground to presume, that in proportion as the

sense or local function, for the operation ofwhich any set of nerves are employed,

becomes more fine and rapid, there must be also a more susceptible and quick

organization of those particular nerves, such as would be shown by a tendency

to act upon fainter impulses,—as, for example, the delicate and infinitesimally

minute gradations of the action of the retina or optic nerve, compared with the

grosser sense of external touch. Of this gradation of sensibility there can be

no doubt. My present purpose only requires the assumption, that the nerves,

or nervous branches which act more immediately within the brain, are consi-

derably more susceptible than those exposed to external influence. Thus, an

impulse too slight to be sensibly operative on the exterior terminus of the ner-

vous conductor may yet be supposed to propagate a far more active motion in

the cerebral extremity.

One more well known condition will complete this application of the nervous

theory. It is an admitted fact that the nervous sensibility becomes depressed

by the wear or waste of daily use, and that this loss is repaired in sleep. The

continued operation of some of the vital functions during sleep seems, at the

same time, to indicate that this suspension of nervous activity which then occurs
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is capable of partial and local inequalities. Now the nerves connected with

the exterior of the frame, and immediately employed in relation to external

objects, are the first to become inert, and the most liable to this temporary

suspension ; while the very occurrence of the dreaming state, beyond doubt,

proves that the brain can be in active operation, while the external nervous

tissues connected with it are in a condition of great comparative inertness : thus,

too, establishing very fully the former condition, by the indication of a higher

degree of sensibility, in the special instance that our argument requires. It is by

no means necessary to infer that this condition ofprotracted wakefulness of the

brain is constant or total ; it may, consistently witli the utmost inference here to

be sought, be supposed to be in all cases largely affected with the exhaustion of

the entire system; but it is plain that, in whatever degree, tlie brain may be awake,

while the external sense is lost in sleep. Now we are thus led to one very proba-

ble explanation of the occasion or initial process of dreaming. From the condi-

tions thus described, it is easy to conceive that some accidental dull impression

on any of the outer termini of the nerves, too faint to break the repose of sense,

may still be capable of transmission through their habitual channel to the region

of the brain, with enough of power to communicate movement to its finer appa-

ratus ; and thus hj the reciprocal action (whatever it may be) between that

organ and the mind, generate those ideal aberrations of thought known in

dreaming.

It is evidently not necessary to restrict the application of the foregoing infer-

ences to the operation of the nerves from the external surface. All that has been

said will equally apply to any dull sensation through any nervous branch which

has its terminus in the brain,—nor is there any reason against the assumption

of some slight exciting impulse, having its origin within the brain itself. The per-

petually active element of mind offers a probable ground of extension to this

theory. There is no reason to exclude the fount and origin of thought from a simi-

lar claim in the origination of a process of which it must itself be an essential

element. But, beyond this allowance, any further explanation upon grounds so

little within the scope of observation, would be the merest empiricism.

Numerous delicate processes, regular and irregular, mental and material,

latent and observable, are hourly taking place in the vital compound so "fearfully

and wonderfully made." Disturbances too minute for the senses may vibrate
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perceptibly on the delicate and subtle machinery subject to, and immediately

acting on, the transcendental and mysterious element of man's immortal part.

To exclude the possible agency of undiscovered causes in this wholly inscru-

table essence would be to carry theorizing to a rash extent. In such an inquiry

we must be content to steer with caution round the shores of impenetrable

regions, and to obtain partial gUmpses of heights little distinguishable from the

clouds and thick darkness which surrotmd them.

I cannot leave this part of the subject without observing the fact, that many,

perhaps most persons, are occasionally liable to sudden, and apparently sponta-

neous, impulses and impressions, not to be traced to their origin. A sentiment

may cast its light or shade, without any recollected antecedent. A slight de-

rangement of some corporeal function will react on the mind, and awaken some

morbid mood, of which the cause is too feebly operative to be felt. A particular

idea, or phrase, or tune, unlocked for, unsuggested by any known process, will

start from the mind's vacuity, and be for a day reiterated, and then wholly for-

gotten as any dream.

All such incidental intrusions are, without metaphor, actual dreams, modi-

fied by the accidents of the waking state of the dreamer. The actual occupation

of the external sense, and the control of external disturbances, prevent the fur-

ther development of the tiny ideal ripple, and it is lost in the swell and current

of waking thought and action. Upon the whole, the reasonable inference

appears to be, that tlae fine intermediate material organism, through the agency

of which mind and body must reciprocally affect each other, must be suscep-

tible of indefinitely small degrees of whatever may be its appropriate action.

And as, in many more strongly marked cases, no doubt exists as to the nature

and existence of such agencies, so we can have little that they must be indicated

by those here described.*

The mechanism of the intellect must be capable of such excitement as may

be transmitted by any of the senses. And the next consideration is in what

* I am the more particular in urging the above considerations, because Mr. Stewart, and

inquirers of his school, who are to be regarded as adversaries, have assumed the necessity of some

traceable antecedent in all cases. Such is, indeed, the foundation of Mr. Stewart's theory of Mind,

a? the conclusion directly opposed to it, is the foundation of that comprised in this and the pre-

ceding essays, and, I trust, conclusively argued in the first
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manner, or according to what laws, the excitement so conveyed would be likely

to operate.

During the suspension of the ordinary corrections and interferences of sen-

sation and waking purpose, it would, as I have said, be conformable with a wide

analogy to assume that the brain, or whatever may fulfil the office ascribed to it,

should, like every organization adapted for any end in nature, when excited,

act according to its main law of action or tendency. Now, this proposition,

which is evident enough to sound like a truism, will lead to a highly probable

train of consequences, which can be verified as facts of observation. The next

step, then, is to ascertain this law.

When all the grosser excitements from without have subsided, and the

mind may, by any such means as may consist with sleep, have been excited to

a partial resumption of its activity, it will follow from the foregoing rule that

the resulting operation is likely to be directed and governed by whatever may

be its most constant and prompt law of action. Now, in the first section of this

inquiry, published in your nineteenth volume, I have shown the primary law of

human thought, ever framing and governing our ideas and their succession, to be

that combining tendency to which I there traced Mr. Locke's law of Association.

And in the same Essay I have already traced its very observable operation in

the instance of dreams. I am now to follow out the consequences ;—but first

let me call jovx attention to a very interesting confirmation of this law.

In dreams, as in the waking state, everybody must be aware tliat tliere are

two very distinct classes of combinations,—the fixed and the transient. Of

these, the first-named are our permanent complex ideas, as, man, horse, &c.; the

second, those local and accidental associations which arise and pass with all the

changes of circumstances. Now, the curious peculiarity which I wish to explain

is this:—In dreams, however monstrous and unlike reality may be the succes-

sion or concurrence of ideas, still the objects of fixed combination are exempt

from this confusion, and retain the indissoluble unity which belongs to our wak-

ing experience. One thing may pass for another,—the coincidences of time,

place, and incident, may be impossible ; ideas vague and incongruous beyond

insanity may pass through the brain, but the law of form is undisturbed. The

human head will appear on human shoulders, according to the Roman critic's

rule. The fixed idea, of which the components are simultaneous, and beyond
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the scope of any change provided for in the habitual operations of thought, or in

any way but by the most dehberate exertions of waking will, cannot be decom-

posed in the inadvertent and passive wanderings of the mind in sleep. The

force of this law may be illustrated yet further by an incident of frequent ob-

servation. It is often remarked, that persons seem to those who dream of them,

to act and speak in character; that is, according to the dreamer's notion. The

familiar habits and known characteristics must enter into the conception of indi-

viduality, as much as any outward attribute by which a person is to be known.

But while the fixed combinations will thus, by a fundamental law of mind,

maintain their integrity ; and while also the spontaneous combinations of the

mind will, though somewhat vaguely, follow the habitual standards of con-

struction, as formerly explained,* the large class of accidental ideas, which are

wholly contingent in their shiftings tad concurrences, and without constant

relation among themselves, will in dreams come together in violation of all the

laws of possible or probable order.

To explain, so far as they may be explained, the law by which these devia-

tions are governed, we must, in addition to the elementary principle of associa-

tion, take into account two conditions which are easily identifiable. First, the

total or nearly total absence of the discriminative faculty by which, while awake,

we can discern and estimate the real relations of our ideas on present objects,

—

the true or false, probable or improbable, fit or unfit. Secondly, the generally

visible character of the ideal phenomena of the dream. Of these conditions,

which are the most common and characteristic peculiarities of the state of dream-

ing, most persons must be aware. They must, from their nature, be mainly

stated as facts of experience.

Of these, the first mentioned is very probably but an instance of the general

depression of the more active voluntary power of the mind, caused by the abate-

ment of the nervous sensibility, and not caused by essential change in the opera-

tions of the mind. It seems, indeed, evident, and is, I think, of some importance

for the explanation of much in this theory, to keep in view the nearly self-evi-

dent presumption, that a far higher amount of nervous life may be reqiiisite for

the more strenuous operations of thought. And thus, as the depression of this

• Transactions, VoL xxii.. Part 2.
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element is capable of every degree of increase or diminution, the occasional

exceptions can be explained by supposing a more than usual presence of the

nervous activity. As, however, will more fully appear further on, these excep-

tional instances are mostly unreal, and to be otherwise explained. For the

most part the suspension of the active processes of thought is entire; the proper

course or process of dreaming is a train of ideas, not operations; a distinction

the better to be apprehended by observing that the acts of discrimination, atten-

tion, reasoning, will, contriving, are not ideas, but exertions of active power.

The general absence of discrimination in dreams is verified by universal expe-

rience. Most persons are aware that the most monstrous and impossible coin-

cidents excite in the dreamer neither wonder nor doubt ; and that the most

inconsequent inferences appear quite reasonable and true,—how wholly the

sense of identity and diversity is lost. One person, by some unnoticed transi-

tion, becomes converted into another; and it is not until the dream has recurred

to waking memory that its absurd confusion of ideas becomes exposed.

And here, before I go further, it may be well to guard against what may be

considered as contrary instances. There is no operation of any active power

that may not in some particular instances become the habit of the mind, and

pass as a component into its permanent forms and constant combinations. Some

opinion involving-comparative merits, some familiar line ofprofessional inquiry,

will seem to occupy the reasoning faculty by reproducing the inextricable form

which it contains. There is some act of judgment, some presence of will

and piurpose, connected with all action ; and thus, when action becomes in any

way represented, the shadows of will, reason, and judgment will seem to mingle

with the shadows of our dreams. A lawyer may dream that he is applying

some rule of court, or some familiar precedent. A mathematician may enjoy

a momentary triumph over some slippery solution that has eluded the grasp of

waking reason. But in such instances it will mostly occur that the morning's

recollection will present the matter under the formless aspect of some strange

inconsequence. The rule oi reason may be correct, but it will have stumbled in

the conclusion. This explanation will appear the more satisfactory if it be

observed that the simultaneous occurrence of the glaring absence ofany function,

together with its seeming presence, plainly indicates the substitution of some

other mode of operation by which two apparently opposite conditions may be

VOL. XXIII. "^
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reconciled. A dreamer may seem to be engaged in grave and earnest delibe-

ration upon some matter of seeming weight, and really no meaning, while the

most monstrous impossibilities are passing unheeded. The seeming operation

of the reason is, in all such cases, an illusion of memory. And the same expla-

nation will, in most instances, similarly apply when the active operations of the

intellect appear to be involved in the process of a dream.

I have next to explain the other proposed condition, which is the apparent

visibility which mostly belongs to the ideas of a dream. This—itself a con-

sequence of the great primary law of association—is the main element in the fan-

tastic and seemingly disordered transitions peculiar to dreaming. The larger

portion of the ordinary objects of human thought (at least as concerns the mass

of mankind) consists of things visible. These are, more or less, mixed in every

pvu'suit, and have place in every course of action,—they are the symbols of the

unseen,—and it is difficult to think of anything as real existence without invest-

ing it with the characters of visibility. The analyst who has to deal with invi-

sible realities is compelled to have recourse to visible symbols, and clothe his

thought in signs. And if we look for the exception,—it will only be found in

the idle mazes of metaphysical abstraction, in which terms are the representatives

of imaginary and unreal ideas. In the active concerns of waking life, visible

objects, and the conception of things visible, occupy the scope of thought, and

facilitate those habitual and superficial uses of reason which are uecessarj^and suf-

ficient for the common occupations of the world. And it needs not to be added

that the sense of sight is, more than all other senses and faculties, constantly

and widely employed, and a main element in every movement of waking life;

or that waking life is dimly and confusedly reflected in sleep, in the ordinary

languor and nervous collapse of which, only the most habitual and easiest seized

ideas can be entertained, and these, for the most part, indistinctly.

Consequently, when the senses and active powers of the mind are depressed

by sleep, the ready associations of form and colour offer themselves on the

slightest impulse which can excite the cerebral action. But, in whatever way

it may be explained, such is the actual fact,—the dream is mostly a succession

of visible objects, accompanied by indistinct apprehensions of their purport or

consequence.

"We have next to consider the application of these conditions. "When the
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idea of some object is presented, during the entire suspension, both of the cor-

rective of actual sight, and of the discriminative power of the reason, nothing

remains to distinguish it from the reality of the object which it represents : in the

darkened chamber of the brain the shadow becomes a reality. Dream of any-

thing, and it appears before you ; of a place, and you are there. And thus may

be explained the fantastic groupings and transitionary scenes which move over

the dim-lighted stage of sleep. It is easy to conceive how any ideal image may

bring with it the idea of locality, or suggest further images which will, in like

manner, shift the scene and courses of passive thought. Fixed attention

—

always necessary to maintain a correct apprehension of the succession of ideas,

and maintain the current of connected thinking—requires the energy of waking

purpose. There is no power in operation to prevent that lapse of memory, by

which these improbable transitions pass unheeded. Ideas move on like the

figures in the magic lantern, which are lost to sight as they pass,—the incon-

gruity is unperceived, not merely from want of judgment, but of memory,—the

end has forgotten the beginning of the dream.

In the nearly unlimited mixture of the objects and incidents of daily life

there is generally no object or circumstance which may not form portion of

numerous accidental combinations. And hence it is, that any idea which can

occur may lead into countless tracks of mental wandering, and the wildest con-

fusion of place or incident. The laws of occurrence are known by experience,

and this customary knowledge is the law of waking reason; in most minds kept

clear by external perception, by pui'pose, and the heedful attention of all those

powers ofreason (in whatever they may consist), which guide the slightest move-

ments of life. "When these controlling conditions are understood to be suspended,

it is easy to apprehend how the consequences so far explained must follow.

If the operations of the brain in dreams were, as might antecedently be

assumed, uniform, my task would now be ended so far as respects the mere

theory of dreams. But such is not the case. Allowance is to be made for

occasional instances which seem, as they are stated, to be exceptional. And

—what more concerns the purpose of this inquiry—there are connected with

the subject some curious incidents which connect it with the general theory

stated in the preceding essays. I may commence with the latter, as having most

importance, as well as most of common interest.

c2
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As a dream may involve the impression that the dreamer is reasoning or

judging, so it may, in like manner, and on the same principle, involve any other

impression to which the individual happens to be subject, or which may be a

component in the combination presented by the mind. Among these com-

ponents there are, in every instance, some which are less the objects of attention.

On this point it will much conduce to clearness to revert to the general statement

offered in the commencement of this inquiry:—" There is, in those who are in

any state of consciousness, at all times, a certain aggregate of things [conditions

of any perceptible nature] presented to the perception. Of these, some may

become more prominently the objects of attention, and the rest will invariably,

in the same proportion, become vague and indistinct. The perception of indi-

vidual parts of this vague whole will, in general, not be separately recollected,

because they have not been separately observed,"* &c. It is to these vague com-

ponents that we are to look for the solution of some of the most curious questions

concerning dreams. Connected as essential conditions of the reality, the past

existence, and anticipated futurition, and other similarly unobtrusive com-

ponents of nearly every state of waking consciousness, they enter in like man-

ner, with a vague efficiency, into dreams, and impart the sense of an imaginary

past and future; and a host of concomitant apprehensions, some in their nature

constant, some transient, according to the main character of the combination.

From this may be explained the fictitious memory so often present in dreams.

In some cases there is, however, with this more vague and general impression, a

train of antecedents essentially contained, not so much in the association, as in

the nature of the incident. This, too, is very common,—everything that happens

is in some respects a consequent,—and the determining condition must be in

the tendency of any supposed incident or state of things, to carry with it to the

mind the apprehension of its antecedents. If this apprehension were to be very

distinctly obtruded, it would have the efiect of changing the course of a dream.

But as, in general, the relative proportion of mental combination is preserved,

the effect is probably not often produced in this precise manner. It is, how-

ever, likely sometimes to occur, in the absence of all the governing and control-

ling powers of reason and the senses, that these more feebly marked components

* Transactions, Vol. six. p. 80, Part ii.
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may obtain somewhat more than their relative nearness to the apprehension,

which may help to explain the seeming lapse of time which sometimes charac-

terizes a dream. The idea of time, like that of place, is a constant in every

objective suggestion,—and the idea of succession' essentially contains it. The
consequence will be found to extend very far. I have already explained, in my
examination of Mr. Stewart's theory, how there occurs in dreaming a sort of

perspective illusion, due to this law, by which antecedent and consequent inci-

dents may be so wrought out from association as apparently to stretch out into

an imaginary past and future, and to involve a seeming lapse of time, as a future

seems to contain the element of distance. This offers the true account of those

instantaneous dreams which sometimes occur, and leads to a conjecture that, in

general, dreams may pass in less time than they seem to occupy.

It is with some feeling of reluctance that I tiu'n for a moment from my direct

line of statement to observe upon the confusion by which this part of the subject

has been rendered somewhat difficult to deal with. The errors of Mr. Stewart's

ingenious theory have, I trust, been fully shown in my first essay. I have there

proved that, contrary to his assertion, he assumes a wholly new law of mind for

dreaming,—a law not warranted by any indication, and directly contrary to the

observed processes of waking thought. Habit, which he applies for one use

when awake, performs at his beck the precise opposite part in sleep. Com-

pressing by acceleration a number of separate volitions and attentions into a

point of time too minute for distinct apprehension,—he endows the sleeper with

a power of inconceivably rapid analysis, such that the synchronous events of the

same infinitesimal instant can be deliberately contemplated in separate distinct-

ness. But this is not enough,—his instrument is one which, however aptly it

may be applied in one case, has no application in the other. The waking com-

bination is admitted to be the work of habit, though not precisely as explained

by Mr. Stewart,—but the ordinary sequence of a dream is of all imaginable

succession of ideas the least possible to be brought under tliis law, according to

the hypothesis. The connexion of constant recurrence is wanting. But, for a

moment, assuming the strange analytic power devised by Mr. Stewart, it becomes

a consequence from his theory (of separate volitions and attentions), that the

same analysis should reach to the similar decomposition of every idea presented in

sleep. If the imaginary succession were always strictly habitual, some deduction
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from the force of these objections might be allowed. But it cannot be allowed

that separate ideas, of which the synchronism is impossible in conception, of

which the nature involves separate apprehension and mutual remoteness, could

by any known law of mind be brought by habit into the instantaneous compass

of a single instant. Even if we were to admit Mr. Stewart's theory, it is plain

enough that the result in question is not a consequence. If true, it must be

otherwise explained.

Now as to the fact of such dreams, I am ready to admit, to the full extent

of the statements which I have often met, that they sometimes occur. But Mr.

Stewart's theory led him into the mistake of assuming them to be the only form

in which they may occur. On this point it is unnecessary to detain your atten-

tion. It may be enough to affirm that, from the ordinary experience of mankind

it seems probable that most dreams occupy the time which the same succession

of ideas would require in waking,—there seems, at least, no ground for the con-

trary supposition. Waking, too, as well as sleep, has its fits of instantaneous

conception. But in addition to the causes of illusion already mentioned, it may

be added, as well known, that the dreamer's impression as to the character of

the imaginary phenomena of his dream is in most instances very different from

the more distinct recollection to be obtained after waking. The inference

would seem to be that the imagined sequence of incidents is not, in most

instances, what it has appeared to be : a gleam of sober light streaming into the

vaporous medley of broken associations may have given a character of form and

connexion such as fancy discerns among the clouds. There are in the mind

habitual tendencies as well as combinations.

But a subject of more interest is that of the law which seems to regulate

the actual recollection of a dream. This topic is here of the more importance,

as it has a very material bearing upon the explanations of the law of memory

already ascertained in the previous parts of this inquiry.*

Of this there are three distinct cases to be noticed. And first, as more

directly including the principle, the case in which the incidents of one dream

are distinctly recalled in another. Dr. Abercrombie and other medical writers

have observed that there exists a community of consciousness tending to produce

* Transactions, Vol. xxi. Part i.



The Rev. James Wills on Dreams. 23

the same affections or trains of thought in the recurrence of similar states of
insanity, delirium, and, if I rightly recollect, dreams; while these affections
are wholly forgotten in the intervals of sanity or waking. I am not aware that
this remarkable fact has been traced to any cause in the nature of the mental
operations, before the explanation offered in myessay on Accidental Associations
in which I have briefly introduced these cases for illustration. By the law of
association anyportion of pastideas or events can only be recalled as a constituent
part of some whole combination, whether of incidents, or visual objects, or ideas,
or states of feeling. And this is equally true whether the combination be acci-
dental and transitory, or habitual and fixed ; this is the ideal chain which con-
nects the Present with the Past. Now, to apply this; in dreams, or in various
states of mental disorder, the mind becomes employed upon combinations mostly

• so very different from those in its ordinary normal condition that no real inci-

dent is likely to occur in the sane or waking state that will not be more nearly
associated with real sane and waking incidents and combinations, which will
thus, as it were, interpose. And further, in, perhaps, most instances there
passes no idea that can be sufficiently represented by any real incident; the fan-

tastic train of shapeless impressions is isolated so wholly from the province and
habitual courses of waking thought and real incident, that there can be no index
for the search of recollection. This explanation applies in its full extent to

insanity and delirium, and has a partial application to dreams. In dreams, the
leading ideas are commonly the same as belong to the waking habits of the
dreamer; and hence the variety of cases. But the actual recurrence of the same
or nearly the same ideal wandering, must become, on the same principle, likely
to occur when the mind happens to be similarly affected. To confine my state-

ment to dreams, it is to be observed that in the entire absence of all interfering

impulses from without, there is a presumption that the same internal suggestion
will, when repeated, be similarly propagated; and, by the ordinary process of
combination, recall the same train as in the first instance. Thus, at distant
intervals, one may find himself wandering in the same labyrinths formerly visited
in a dream, and never known elsewhere.

This recurrence could not be known unless recollected when awake; and we
are led to another and more interesting consideration, in what way a dream is

to be recollected, as every one must know it may be, many hours after dream
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and sleep have passed away. Now, according to the principle of recollection

which I have explained, it would be impossible to have any such recollection,

unless in one of two cases, both of frequent occurrence : either when the dream

happens during, or rather immediately before, the waking from sleep,* or when

it contains some feature or component of waking life. But such is the law of

recollection, that the slightest glimpse of association, if not too long deferred,,

will recall the whole. After some time this clue will have passed, as the inci-

dental association will, in ordinary instances, be more likely to bring other asso-

ciations with it: but without this condition, the details of a dream must be wholly

past recall. Even in the instance of immediate waking, it is frequently ex-

perienced that a dream which dwells for a few minutes upon the mind will

pass away so completely, that no eifort can recall it, for want of any condition

which can be distinctly traced. I suspect that in such cases it will mostly

have happened that the dream will consist ofsome one of those vague impressions

to which most persons are occasionally subject; results, more of constitutional,

or mental tendency, than of any distinct idea, or real incident. Thus the sense

of some great evil or good, without any definite conception that may have shape

or substance, will leave the mind under its impression, and the nerves of joy or

grief, triumph or frustration, for a while may vibrate without any trace of the

occasion or moving cause.

A more curious instance, and of most interest fur the illustration it affords,

is when, after some time, the want of the requisite link of association happens

to be supplied by some incident which instantly (for the first time), recalls a

dream. Such an incident will mostly be something very slight and casual,

which, but for that which it recalls, would hardly be noticed ; for otherwise it

would be more likely to recall some waking incident. When, however, the case

so occurs, and the attention happens to be attracted by some trivial incident,

uncombined with any near or striking association, but that ofan unremembered

dream, the shadow will instantly start up to the memory from the depth of the

past night's sleep, and a dream be distinctly recalled.

• I do not think it necessary to comment on Mr. Stewart's explanation on this point, not only

because it is too manifestly contrary to experience, but as it does not interfere with my theory of

the mind. His notion as to the manner in which dreams occur in the act of waking, is, like his

entire theory of mind, founded upon an imagined necessity, which I have, I trust, proved to have

no esistence.
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When the dreams of the past night are such as may be described as in some
measure representing the ordinary incidents of reality, it is remarkable how
several successive dreams, without any interval of waking, will be recalled; and
this is the more to be remarked, as both theory and experience appear to prove

that it is in the deepest sleep, when the processes of the brain are most likely

to fall into some regular course of operation, that the most vivid and longest

dreams occur. To eradicate the recollection of such, the intervening intervals of

sleep have no power, as the real principle of recollection is not interfered with by
mere discontinuance. And it is evident that, in addition to this principle, there

may, as in the case already noticed, exisfan impression, or a continued affection

after waking, left by the wave of agitated thought. Such an assumption is pro-

bable, though not within the scope of theory.

Generally when there is an utter incongruity in the ideas of a dream, it must

from the same reasoning appear, that any recollection will be impossible. The
occurrence of such instances must be rather matter of inference than of obser-

vation. Such seems to have been the description of the King of Babylon's

dream. Recalling this portentous dream, as detailed in the eleventh chapter of

Daniel, this application will be at once apprehended. In the structure of the

symbolic image there was not one tangible link of ordinary association,

but a sense of vague terror impressed on a superstitious mind. Distinct recol-

lection was not possible. The dream presented an aggregation of incongruous

members which, however apt to signify an unknown concurrence in the Future,

possessed no link of affinity with. anything in fact or nature. The monstrous

and spectral shadow left the king's mind under the impression of a mysterious

horror; but, as must have happened, the thing had " gone from him."

This is, very probably, the most usual species of dream. And if so, it is

also likely that most dreams pass entirely from the memory.

Such considerations may suggest some reflection on Mr. Locke's assertion,

that " the soul thinks not always." I should be far, indeed, from presuming to as-

sert the contrary:—but the reason given, "for this wants proofs," is a manifest fal-

lacy. The want ofproofs is a good reason for abstaining from positive affirmation;

but, considering the preceding statement, it may be applied also in an opposite

direction,—for it appears that the soul may possibly think so as to leave no

proof. The thing is improbable; but the accident which recalls a dream, which

VOL. XXUI. ^
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without it would be wholly unremembered, raises a presumption that the mental

element of our compound nature may, for anything we can ascertain, be always

more or less in a state of operation.

The incidents of life, as they recede into the distance of our early days, fall

more or less into dim groups under some few leading remembrances, by which,

when accidentally revived, they may recur to the memory. On the other

hand, the incidents of the Present possess a separate identity of their own; and

are in general severally and forcibly apprehended. They are, for these reasons,

something less likely to be recalled by slight or indirect suggestion, or to be

quite compatible with the continuance of sleep. Hence, it may be, that when

the ideas of the dreamer have any distinct connexion with the realities of wak-

in"- life, they are mostly relative to distant times. The faint and shadowy inti-

mations which bear the imperfect outline and dim colouring of distance harmo-

nize best with the remembrances of the Past. It will thus oftenest happen that

the persons appearing in dreams are those who have not been recently known,

—

often the dead.

Many other curious illustrations might be found in the close observation of

the nature of dreams ; I will here, however, only further notice a few incidents

ofmore common occurrence. It often occurs that the dreamer thinks himself

to be engaged in preparing for some purpose, of which the actual execution is

not directly included in the preparation. Take, for instance, a case to be

argued ; a discourse to be delivered in public. In such cases all the constant

circumstances, as, form, time, place, assembly, will come in order ; but the spe-

cial matter, not being included in the general combination, will be wanting, and

the purpose will end in some strange frustration:—the Court will be seated, or

the shadowy audience met, but the business in hand makes no progress ;
the

lecturer has lost his notes, or the lawyer left his brief at home. For, by the

operation of the same law of mind, some such notion is likely to occur. Many

persons, whatever may be their profession, will, in the earlier part of their pro-

fessional course, have had their apprehension led to a knowledge of all the

embarrassing contingencies against which it is the business of care and precau-

tion to guard; and the confused sense of failure, necessarily consequent on such

dreams as have not any special subject-matter included, in the leading idea, must

thus lead to some preconceived solution of the embarrassment.
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Abercrombie, and others who have professedly or incidentally taken up the

subject of dreams, have related instances which are not easy to explain on the

principles of any theory. It is not unlikely that most of these are of the nature of

somnambulism. This disease has, however, itself one valuable application in the

present theory, as in some of its forms it exempUfies the main difficulty by which

it seems to be incumbered. That is to say, it proves the extent to which the

mind or the brain may be in a state of considerable activity, while the common
consciousness of our ordinary waking state is wholly suspended. There is there-

fore the less objection against the assumption of any degree of mental excite-

ment or activity in the state of sleep that any given case may require,—though

in the ordinary condition of sleep the mental activity is comparatively feeble

;

and it must be allowed that the result of any more than ordinary stimulus should

occasion the ending of a dream. These cases may, however, be to some

extent explained from the conditions of the theory of the preceding pages.

For instance, I take the rare and seemingly unaccountable case, in which some

thing lost or mislaid beyond any effort of the waking memory to find, has been

found by some intimation in a dream. Now, I should certainly not much blame

any sceptical inquirer for treating such an instance as on a par with most

ghost stories. But it will not appear unaccountable that it might be true if it

be called to mind that the feeble and remote association which the very effort

of recollection must have only put aside, by the interposition of many and per-

plexing possibilities,—is just the very first idea that is likely to offer itself in

sleep, when, the key of suggestion being touched, some true combination will

return the actual circumstance as it happened, undisturbed by any interference

of will, or useless effort of reason, by the true and only condition of memory.

Thus, the old parchment, or the key, when suggested to the thoughts in sleep,

will not be sought for by the perplexing consideration of numerous possibilities,

each of which but tends to mislead; instead of which, the mind is conducted

at once by the simple and uniform working of a uniform law, to the single inci-

dent which it offers. In the habitual paths of waking life the mind is placed in

the current of contingencies and routines, amongst which it is steered by habits

rather than by distinct efforts of reason:—and the common course which most

men follow, depends much more than is commonly assumed, on the succession

of incidents, and the customary courses they impose, than on the independent

d2
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use of reason. Instead of what I may call the processes of mental power

—

active or passive—we are carried forward by the force of an external stream

;

and our errors or failures also result from the same current which decides our

course. It is not improbable that it may sometimes happen that the elementary

process on which reason itself is dependent may chance to supply the light

which is its peculiar property, when this light has been vainly sought amid the

glare of the myriad cross lights of waking life. It is that, while reason treads

the thousand paths of error, the dreamer follows the law of association.

In this latter statement I only desire to indicate how this theory can be

applied to exceptional cases. It is not, however, necessary that this should, in

all such cases, be possible,—our knowledge of the mind, however correct it may

be supposed to be, must still be incomplete. Our lights are closely shut in by

profound obscurity. We are not without mysterious indications of a psycho-

logical nature, wholly beyond the compass of ordinary experience,—and as

nothing in nature can have beeu without its design and scope of operation, so

we cannot say at what hidden boundary in the workings of mind other laws

than those we deem familiar may perform a latent part. Of such it is not the

business of this essay to speak.

I am not aware that I have omitted the consideration of any of the more

ordinary phenomena of dreams which may appear to claim any distinct remark.

By observing that the state of the mind and body in sleep admits ofmany degrees

of intensity, allowance is made for many distinctions which it would require

much time and space to discuss ; as, upon a topic so little known, it would be

hazardous to offer statements without much cautious examination, and many

refined distinctions. And it is but fair to allow, that I omit some considera-

tions because I have not been able to satisfy myself as to the truth of any expla-

nation I could find. It is not, for example, easy to reconcile with this, or any

theory consistent with the ordinary phenomena of dreams, the cases which have

been, in some few instances, alleged ; of dreams in which the mind would

appear to act according to the ordinary laws of its waking state. It is, indeed,

a curious feature of these cases, and in some degree significant, that music and

verse seem to have been the result. I must confess a doubt. But I trust I

may be forgiven by the irritabile genus which trades in these kindred arts, if I

observe, in explanation, that both the verse and music, which are the ordinary
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product of these acts, consist very mainly in the current of verbal and rhythmical
suggestion, or the similar association of notes and time, most reconcilable with
the theory of dreams. It is also easy to conceive the peculiar state of mind under
the possession of some dominant inspiration which may give its modulation, or
particle of meaning, to the strain. But, with all allowance, I cannot but suspect
that a little retouching and somewhat of exaggeration must be allowed for,

unless something more than sober philosophy will grant, be ascribed to the in-

spiration ofyouthful poets when they dream.

I have only now to add, that I am not without some humble trust that the
explanations of this part of my inquiry into the laws and processes of the human
understanding will be found agreeable to the known phenomena ; and also fairly

consequent upon the results formerly obtained in the essays already before the
Academy.

Two further topics, which will admit of a joint discussion, remain to com-
plete the inquiry which I have undertaken. The illustration of the main prin-

ciple which I have endeavoured to explain, in its several applications to reasoning
and moral sentiment, will require but a single exposition; as the process of asso-

ciation in either may be shown to follow the same law. However various or
opposite may be the results of human thought, or of the operations of mind, as we
approach elementary processes, a surprising uniformity will be observed. All
that concerns man may fall into two great divisions,—the mind and the objects
with which it is or should be engaged. The first lies within a narrow compass
of inquiry

;
the second may be infinite,—yet has also its strict laws, which, so

far as they lie within our compass, are the laws of reasoning and probability.
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m.-On a Tablet m the British Museum, recording, in Cuneatic Characters, an
Astronomical Observation; with incidental Remarks on the Assyrian Nume-
rals, Divisions of Time, and Measures of Length. By the Rev. Edward
HiNCKS, D. D.

Read November 12, 1855.

1 HE inscription to which I now request the attention of the Academy is a
very short one; but it records a fact which possesses some interest, and which
suggests some curious inferences. It is in perfect preservation

; and it does
not contain a single word of unknown or doubtful signification, nor a single
phonograph of which the proper reading is uncertain. The only doubts con-
nected with it respect the mode of reading four words expressed ideographi-
cally, two of which occur twice.

I will begin with giving a representation of the characters as exactly as
this can be done by means of types. I merely insert points to separate the
twenty-one words into which the thirty-eight characters which compose the
inscription are to be resolved. It contains eight lines, three of which are on
the opposite side of the Tablet from the others, and form a complete sentence.
The Tablet is marked as K. 15.

TTT
TTT

m
TIT

• <vm
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panied by an interlineary translation; remarking, that of the twenty-one words

which compose it, ten are written phonetically, and in these the phonetic value

of each character is given separately whenever the word consists of two or

more characters. The values, or supposed values, of the other eleven words

are given without division ; and for distinction's sake I have placed within

parentheses those of which the value is known with certainty, and within

brackets those of which it is uncertain or conjectural.

{Tumi) [tsidi] sa {yarakh) \_Nitsani] (2)tumu u [liltu'] (3) mus

.

On the sixth day of the month Nisan(?) the day and the night (were)

qu.lu{i)[sM$h] kaj.hu tu . mu {5) [shish'\ kaj.bu [liltu] (Q) (Nabiu)
equal. Six intervals (were) the day ; six intervals (were) the night. Nebo

(Marduk) (7) ana (Sarri) hi.i.ili (8) liq.ru.hu.

(and) Merodach, to the king the lord may they draw near.

In order to afford all possible satisfaction, I will offer a second transcription

into Hebrew characters, distinguishing the ideographic words by parentheses

and brackets as before.

ia|3 [tt'?i'] loin 1313 [t'ti'] : 'hfu/'Q v\^b;h\-^ low d;d''j] {ny)•^} pidi o^w)

: imp'? 'hv'2 (mw)-:^ (iitio) (T^n^) : \.^Th'h^]

I will now treat of the twenty-one words in their order.

1. The first character, which is equivalent to one formed of four wedges,

in the shape of a rhombus, in the more finished styles of writing used in the

great inscription at the India House, and on Lord Aberdeen's stone, repre-

sented the sun's disc. It denoted ideographically " the day, the sun." In the

latter sense it was generally preceded by the determinative >->-y " a star," or

" a god." It thus corresponded to the themes turn, which denoted both " day"

and " sun ;" and samas, which denoted the latter only. As a phonograph

it denoted tu, the initial character of the former word ; to represent the diffe-

rent cases of which it was followed by the characters for um, mu, mi, and

perhaps others. It also denoted sam, the initial character of the latter word,

but only when preceded by the star. Thus, >"~1 ^1 <1>~ should be read sain si,

" ofthe sun;" but _^y without the star could not represent sam, though it might
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tu. It had, however, other common values, probably derived from other objects,

which the rhombus conventionally represented.

In dates, where a day of the month was to be expressed, it is habitually

used alone to express the dative t%imi ; but, except in dates, the word is regu-

larly written at full length, as in the thirty-fourth line of Bellino's cylinder,

where we have jr^^ • ^J <^^ .^ "Bf
«' -natu. mi su . wa, " in that day."

2. The second and third characters compose the word which signifies

"sixth." The former is the ideographic representative of "six," like the

Eoman VI.; and the latter is a conventional sign, denoting that the other

should be read as an ordinal, and not a cardinal number. The first three cha-

racters may be considered as corresponding to "D. VI.*"" for "Die sexto."

I have no doubt that this word ought to be read tsidi ; but as this is an

inference, obtained by a rather complicated process, I place this word between

brackets, instead of between parentheses, as I do when the word expressing the

monogram has actually been found written with phonetic characters. I pro-

• ceed to explain the analogy by which I have obtained this word ; and I will

at the same time, and in connexion with this, state what I know of the other

numerals below " ten."

The characters ^^-^ <y^ occur on Colonel Taylor's cylinder, for the ordinal

" third," in connexion with " year." I have never seen this cylinder but for

a moment or two, when I was not allowed to examine it. I make this state-

ment on the authority of Colonel Rawlinson, in the portion of the analysis of

the Behistun Inscription which he published in 1851 (see p. Ixxii.) In ano-

ther part of the same publication (p. 15), he says that the cylinder has

^*->. X'\ ; but I believe the former statement is correct. Colonel Rawlinson at

that time considered this to be a compound character ; in my paper of Novem-

ber, 1852, I read the first word shal.shi; and I produced the numeral for

"four,"
^y^^iy^y v^y <^^>^ which I read ar.ba.ah ("Transactions of the

Royal Irish Academy," vol. xxii. p. 358).

In March, 1854, I found on a tablet in the British Museum four numerals,

viz., y;^,- ^-*-yy .^.y-. shal . ish . ti, >-^^^ ^y yj
»—<y-< ri .b'a.d. ti, ]J1J< .-.^y ^^"^ ^J^^

hha . aUn . ish . ti, and ^^^ •^Tf-^T
»—

'I"^
^^ *"* • '* ' which I published in the " Lite-

rary Gazette," in the following month. I then explained these words as

numeral adverbs, "thirdly," "fourthly," "fifthly," and "tenthly." On my return

VOL. XXIII. £
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home, I perceived the connexion between shal. shi and shal. ish.ti as the mas-

cuhne and feminine forms of the same adjective. I inferred that the four words

which I had found on the Tablet were feminine ordinals in the genitive case;

I had previously recognised a fifth adjective, t^ *^ V'Ti sha . nu . ti, which

occurs in the 77th line of the Nimrud ObeUsk, with the meaning " second
;"

and that for " seventh," »^^ V'*^ '-<y-*i ^^i ^" • '''. ^^.s been since observed by

me in the colophon to the inscription on Bellino's cylinder.

In Colonel Rawlinson's " Notes on the Early History of Babylonia," pub-

lished at the close of 1854, he gave, what he believed to be, the cardinal num-

bers representing " eight," " six," " four," and " two." These were found by

him on a tablet connected with these numbers in their ordinary ideographic

form . They were, ^y "^y t^, tsu . ma . nu ; ^y ^, fsu . du ; ^yyy "I^^, ru . bu

;

and ^ tyiy "5^, shu . un . nu. I have already mentioned that I had published

previously a different numeral for " four," namely, arbah. As this occurs in

various places in the inscriptions of Sargon and Sennacherib, and is also an

element in the name of the city of Arbela, Ir arba Hi, i. e., " the city of the

foixr deities," I could not doubt that Colonel Rawlinson was mistaken as to

rubu being " four ;" and, if in this instance, he must have been so likewise as

to the other numerals. I was confirmed in this by my observing that Colonel

Rawlinson had given irom another Tablet, as an equivalent to "ten," tyi[ "ij^ "-TTT,

'i.si . rat. This is of a form completely dissimilar to the forms tsumanu, &c.,

but harmonizing with arba'. The cardinal numbers had in Hebrew two forms,

a masculine and a feminine ; and, assuming the same to be the case in Assyriac,

we should have arba', arba'at, for " four ;" 'isir, 'isirat, for " ten."

Being satisfied that this was the true view of the matter, I began to consider

what the four words, produced by Colonel Rawlinson, could be. I compared

them with ^y C^y ^y, shu . u'sh . shu, which he gave for "sixty," and which is

of exactly the same form. This word I had previously explained as " denoting

' sixty' of anything, analogous to our ' dozen' and ' score ;' whence, as applied

to years, the awaao^ of Abydenus."—("Journal Royal Asiatic Society," vol. xvi.,

p. 218). I inferred that the four words produced by Colonel Rawlinson were

similar collective nouns, and that they do not signify " eight," &c., but " an

octad," " a hexad," " a tetrad, or quaternion," and " a pair."

I remarked that all these words had u for the first vowel, and that, except
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as to this vowel, they agreed with the masculine ordinals, wherever these were

known, and in the case of " fourth" and " second" they could be inferred from

their feminines. I constructed in this manner the following Table, in which I

have given the mascuUne and feminine forms of the ordinal numbers, and the

corresponding collective nouns in the nominative singular, for eight numbers,

viz., from "two" to "eight" inclusive, and for "ten." I give these forms in

English and in Hebrew, and I also give the roots in Hebrew characters.

[shannu (for shamvu) ^30?] shanutu ^TVaiD shunnu (for shunwu) ^3tt7 Boot 12B7

shalshu wblff shalishtu WtobtO [shuUhu ^'Si\^'] Eoot jrbc?

[rWu 13?31] ribdHu =ira2"1 ruVu -Ism Root Sm
\hhanshu lE'pn] khanishtu Wa7:n Ichunshu 1t''?n] K°°t ^'^^

[tsidu 110] [isiditu IHtD] tsicdu >\lp Root mO
Itsib'u Wnp] tsibutu ^05720 Itsub'u ''S^D] Root S2D

[tsimanu 130p] [tsimattu -Wap] tsumanu '\yap Root ]BD

[^isru snby] 'tsritu ^rnipV I'usru TibVl Eoot ibv

The ordinal adjective " first" is expressed by makhru, makhritu, which

words also express " former ;" and I believe that the distinction is this,—when

the adjective precedes the noun, it should be translated " first," and when it

follows it, " former." Examples of both occur on Lord Aberdeen's stone. We
have (1, 7, 8) ina pali sarri onakhri, " in a year of a former king ;" and (3, 9,

10) ina makhri paliya, " in my first year." I would, therefore, translate the

following passage with the word " former," although, in fact, it was his first

campaign to which Sennacherib refers. I quote, from lines 34, 35, of the

inscription on the great bulls at Kouyunjik :

—

Shu Marduk-hal-iddan, sha ina

halak girri-ya makhri ashkunu shilitn-su, "That Mardukbaliddan, whom, in the

course of a former campaign of mine, I had effected his defeat (or had ruined)."

This root, which is very common in Assjaian, is not found in Hebrew with

any similar meaning ; but in Arabic it signifies " to meet the wind," which

appears to have some connexion with the primary Assyrian meaning. It signi-

fies to come before, to meet, and thus to receive ; being specially applied to pre-

sents, mandattu or madattu (from ]^3, " to give"). Makhar, as a noun, signifies

e2
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" presence," and is used both alone and with the preposition ina or ana to

express " before, in the presence of ;" while mikhrat is " over against, facing."

The connexion between be-fore, for-mer, first, free, pri-or, pri-mus, &c., is well

known, and need not be enlarged on.

No one, I suppose, would expect that the analogy between the ordinals and

collective nouns should be carried so far as that mukhru should signify " a

unit." The word which has this meaning is
y]|

"-"-y, « • o!n, pronounced, as I

believe, simply an ; the first character not adding to the phonetic value of the

second, but showing that it was to be read phonetically, and not ideographically,

as "a god."* The following two examples will illustrate the use of this word.

I may remark, that numerals are regularly followed by nouns in the singular

number, and that an is in construction, and therefore without a case-ending.

OntheKhorsabad bulls we have (Botta, 27, 41, &c.,)
fff

\. W^ |]; —J ^\ _^0,
" three hundreds fifty units of kings," the pretended predecessors of Sargon.

Perhaps it may be read ashla mi, khansha an malki; but there are great doubts

as to these cardinal numbers. The smaller numerals before an are generally,

perhaps always, to be read with the feminine ending ; it is doubtful whether

the same rule would apply to mi ; and it is also doubtful whether it would

apply to a large numeral like khansha. Further doubts may exist as to whether

ashla was the Assyrian word for " three." My reasons for thinking that it was

will be given presently. I have doubts also as to khansha, rather than khan-

shaya, being the proper reading of the word yy*' >->-y ^ |][,
which Colonel Raw-

LiNSON has found on a Tablet as signifying " fifty."

In the colophon to the inscription on Bellino's cylinder we have
y
p^-^y

yyy j^yyy y][
.--y, " one suss, three units," that is, "sixty-three." The enumeration

is of the lines on the cylinder, which are said to have been " written in the

seventh month of the year presided over by Nabuliah, governor of Arbela."

The character after
yyy,

" three," denotes the feminine gender ; and I believe

these two characters are equivalent to ^ .-^y ^yyy, ash . la . ta. The latter

word occurs in a precisely similar connexion in Kh. 111. 2. It necessarily

• [I am now satisfied that in this combination, and similar ones, the first character had always

a phonetic value. This word should not be read an, but han, wan, or yan. These were not dis-

tinguished in Assyrian writing. The second reading is to be preferred from its resemblance to Fcv,

un-um, &c July 21, 1856.]
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denotes a numeral, and it has more in common with the ordinal shalshu than

with any other. I will, however, treat of the cardinal numbers in a subsequent

part of the paper ; and will, therefore, say nothing more on the subject at present.

The word an is used in other senses, one of which I shall soon have occa-

sion to explain.

3. The fourth character in the first line is sha ; and it here denotes " of
;"

elsewhere it is a relative pronoun or particle. It corresponds exactly to the

Syriac j, the Chaldee T or ^7-

4. The next word is a monogram, which I have found equated to
y][
0^T

.^>-«jppf, ya . ra . a'kh. It is certain that the first character in this word admitted

not only the value a, ^, as in
y^ ^^y ]Q[, a.na. ku, "I" (cf "'52^), but ha, as in

ll Ity? ha.lik, "going" (cf. "I/H), ica, as in
fy ^-, wa . shib, " dwelling or sitting"

(cf tTTTt: <y- 'V^>-, ^^ti"l^{, u . ski . hi, " I had sat," which proves that the root is

nti*!), and ya, for it is often interchanged with ^y|[. It should, if we can

depend upon Hebrew analogy, have this last value in the present word, as well

as in
yi

s:.*^ •--''y-') y<^ c-'^^ ''> " of t^e sea." The Assyrians used the feminine

forms JID"' and Jn^li^, where the Hebrews used D"' and ^1J^.

This word is not only used before the names of months, as in the present

instance, but without them. Thus, Nebuchadnezzar says he commenced his

palace ina yarakh shalmu, &c., "in a complete (and therefore fortunate) month,

on a happy day." It is elsewhere used for the new moon, or first day of the

month, which was that on which the crescent was first visible. It is possible

that in such a case as the present it was a mere determinative; but I am

strongly of opinion that it was pronounced as a distinct word. This would be

in conformity with Hebrew usage.

5. The last character in the first line is a monogram for the first month.

I have no clue to its pronunciation from any Assyrian source. I, therefore,

read it provisionally by the word which has the like meaning in Hebrew and

Syriac.

6. The next word, which begins the second line, is tu . mu, " the day," which

has been already explained.

7. Then follows u, " and."

8. The word at the end of the second line occurs in the forty-seventh line

of Bellino's cylinder, where we have " (in the course of) a night." Here the
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word is in the genitive, and it would be natural to read it mu . shi. The pre-

sent text is, however, a proof that the last character did not include a case-

ending. Here, and again as the fifteenth word of the inscription, it is a nomi-

native. I, therefore, consider it to be a compound ideograph, the component

characters possibly signifying, " closing of the eyes."* The pronunciation can

only be conjectured until an equation for these two characters in phonographs

shall be found. In the mean time, I read it provisionally lUtu, considering

this to be the form which the Hebrew 1IT7 would probably assume in Assy-

riac. The root from which this word appears to have been derived occurs

in Assyriac, namely 717, to which I assign the meaning " to be at rest." From
this root we have the verb in the third conjugation ulil, T7!<, " I put to rest,"

applied to arrows put up in their quiver ; the derived noun HI, " a quiver," and

another derived noun, luUon, which occurs in the great inscription at the India

House, and which, it appears to me, can only signify " repositories."

9. The next word, which occupies the third line, is viushqulu, an adjective

which signifies "equal," and with which the substantive verb must be supplied.

The root is vptt'. In Hebrew it signifies " to compare by weight," and the

primary meaning has been supposed to be "to suspend ;" but in Assyriac it

signifies " to compare with respect to quantity of any kind, to bring to an

equality in respect to quantity ;" or briefly, to " measure or weigh." Here it

is applied to equality in respect to duration, and on Bellino's cylinder the suqlim

rabti is a measure of length. This is literally " the great measure," or, as

the Assyrians used the positive for the comparative, " the greater measure."

I believe this to be "the cubit," the same which is elsewhere called the

j^.(^ "El t^y, Mil . ma . a't, and which is also denoted by the monogram tTTTE:

(India House Inscription, viii. 45, and vi. 25; Bel. 44, &c., compared with

50, &c.) The lesser measure was, I take it, the gar, ^. This character is so

explained in one of the syllabaries that I discovered. I conjectiu-ed some time

ago that this measure was three-fifths of the cubit ; and the grounds of my

* [Ideograpliically, the former character signifies " to give," and not " to close," which is a

strong objection to the statement here made. I am now, therefore, decidedly of opinion that this

word should be read mushi, this being a foreign word for "night," which the Assyrians adopted

without declining it. Or, as Sir H. Eawlinson supposes, they wrote " mushi," but read this by

the Assyrian word for " night," which may have been what I have here given.—July 21, 1856.]
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conjecture were this. The colophon to Bellino's inscription proves that the

monogram ^y denoted a suss, or sixty. As a measure of length it should

accordingly be sixty cubits, the cubit being notoriously the principal measure

of length. Now the palace mentioned on Michaux'b stone is said to have been
" three suss" long, and " one suss, fifty gars" broad. I conjectured that this

palace was twice as long as it was broad ; which gave fifty gars, equal to thirty

cubits ; or the gar equal to three-fifths of a cubit. A discovery which

Dr. Oppert made at Babylon verified this conjecture of mine, and, at the same

time, led me to see the origin of the name gar; verifying in fact the reading of

the name of this measure, as well as its value. Dr. Opfert's discovery was

that the length of the side of the Babylonian brick was always three-fifths of a

cubit. Now I had previously discovered that the word gar signifies, in the

Assyrio-Babylonian language, " the side of a square." lu the passages above

quoted from the great inscription mention is made of two squares, which were

respectively 4000 and 490 ammat garri " cubits to the side," as I rendered it.

Dr. Oppeet read the last word gagari. It is written i^'^ iz^
t""!!-*.!'

^^^^

first and second characters in the word being alike ; but the character admits

the two values ga and ar, as appears from the word jyalar ; which terminates

with it in viii. 39, R. 1, 12, and 2, 9, but with <y^^|y^|, the ordinary charac-

ter for ar, in Gr. 2, 6 ; while in vi. 28 we have palri in the genitive. The

word gagari would be of a very strange form ; whereas garri is the regular

genitive oi gar. Dr. Oppeet imagined that he had here the linear dimensions

of the wall of Babylon ; and by comparing them with what had been stated

by Herodotus (and reading 480 for 490) he inferred that the " ammat-gagar"

was 360 cubits, and that this was the length of a stadium.

I believe that no such measure as an " avimat-gagar" existed, and that

Nebuchadnezzar does not give the dimensions of Babylon at all. What Dr.

Oppeet has really discovered, in relation to measures, is that the gar was three-

fifths of the cubit, and that the lengths of these two measures were 525 and

315 millimetres, or about 20,675 and 12,405 inches. The reading of the name

gar, and its signification as " a side," viz., of a square brick, are now made

known for the first time.

Two other words denoting small measures of length are used in the

Khorsabad inscriptions. It is stated (Botta, 151, 19, and 111,2) that Merodach
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Baladan commenced the trench which he caused to be made for the defence

of his city ashlata an, " three units," as I suppose, from the city. Here an,

which properly signifies a unit, is used for a measure oflength ; and, as the suss is

sixty cubits, the correlative an must be one cubit. The depth of this trench

is stated to be y jJt- ^ " one-gar," with an unknown character interposed. On
the Tablet K. 98 this character is used to designate a day of the month, which

appears from the eleventh line to be after the 29th.* Of course, it denotes 30,

being equivalent to <«. I rather think that it properly denotes " one-half;"

but, on the same principle that units were used for sixties, as I explained in

my paper on "Assyrian Mythology," § 9, " one-half" might be used for " thirty."

Confusion between the two, in such a case as this, was impossible. The above

characters then signify " one measure of thirty gars, or eighteen cubits," 31 of

our feet. It would appear that this was the only measure that the Assyrians

used between the suss and the cubit ; for, in Botta, 47, 79, the dimensions of

the mound at Khorsabad are given ; and they conclude with " one suss, one

measure of thirty gars, and two cubits," that is eighty cubits ; to which must

be added a larger number, to the value of which I have no clue, but which

must be a multiple of 120 cubits, and is probably one of 3G0.

10. The tenth word in the inscription is the cardinal number for " six." I

have ventured to transcribe it by shish ; but I consider this a very doubtful

reading. It is very possible that the feminine form might be the correct one

to be used ; and if the masculine be shish, that would probably be shishat. I

question much, however, whether the change oiboth radicals from what they are

in the ordinal tsid would be likely. I consider the form skid almost as proba-

ble a one as shish. It is certain that the cardinal and ordinal numbers of the

Assyrians had different themes, which, according to the ordinary laws of deri-

vation, could not spring from the same root ; and for this reason the forms of

these numbers are peculiarly interesting. They contain indications of processes,

anterior to those that were in use among the Assyrians, and carrying back the

thoughts to a yet more ancient language. I will put down here what I have

observed as to the different numbers, and what occur to me as their probable

values, when I cannot give them with certainty:

—

• [This is a mistake. The character occurs in other lines on this Tablet, and in some of them can

only signify "a half." This, however, does not affect the subsequent reasoning July 21, 1856.]
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" One" is represented by ^yy^ ish . din, both in the inscriptions at Perse-

polis and at Khorsabad. The form more commonly used, Y«-TT, is interchanged

with the foregoing word at both places in different copies of the same text. I

am, therefore, bound to suppose that this word signifies " one," but I can com-

pare it with nothing else either in Assyriac or in any other language. The second

part of the other word, which I have stated to be more common, is used for

yj ^y^ a . di " together with," which I believe to be the genitive of TinX. I

therefore, suppose that adu (for akhdu), or in construction ad (for akhd), may

represent " one" also, but only in the masculine ; the feminine is represented

at Behistun by ?E.<^y, that is, ill (for ikhd). The same change of the initial

vowel occurs in Arabic.

I cannot offer any conjecture as to the number expressing " two."

I have already given my reasons for thinking that ashlata =
yyy J^yyy,

that is

" three," in the feminine. The context in which it occiu's proves that it is a nume-

ral, and not a very large one. It has some resemblance to the Hebrew root for

" three." The masculine form would be ashla or asJial, 7ti'S, which contains

what Gesenius considered the essential or original part of the Hebrew root

;

that which connects it with the Irish Celtic ^r/, with the Polynesian talu, and

with hundreds of intermediate languages and dialects. The prefix i^ is the

same that we have in the following numeral. I feel, on the whole, great confi-

dence in this being the genuine Assyriac numeral for " three," and, at the same

time, an interesting relic of a language anterior to Assyriac. I have already

given arha' and arba'at for " four"—as to tliese forms I think there can be no

doubt.

Colonel Rawlinson has given from an Assyrian Tablet
|[|^ j^yy >-Ay-«^ with

the transcription khamisti ("Early History of Babylonia," pages 5, 6); but there

seems to be a mistake. The three characters given would be read kha . is . ti,

without an m. Possibly the printer has omitted Y- mi. If the word be printed as

it stands in the Tablet, it must be read klia . mil . ti ; the second character having

the value mil, as well as is. I incline to think that this is the correct reading;

for I is often used for s before a dental. Whichever be the true reading, the

form does not harmonize with 'isirat, " ten," which precedes it. From the loose

way in which Colonel Rawlinson speaks, it is impossible to tell whether the

numerals that he gives on page 5 are from the same, or from different Assyrian

VOL. XXIII. !
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vocabularies. I think, however, that it is pretty obvious that the forms for

" five" are in construction khumish and khamishat ; khamishti or khamitti

being the genitive of the latter. The difference between the ordinal and the

cardinal is here that the former has 3, and the latter D, for the second radical.

The themes of the three ordinals answering to " sixth," " seventh," and

"eighth," begin with fe, D, while in all the cognate languages these numerals

begin with tt*. I feel confident that the cardinals in Assyrian would begin

with this latter, and that this was one distinction between them and the ordi-

nals; whether or not it was the only distinction, I cannot say; I have never met

with any of these forms ; and for " nine" I have met neither cardinal nor

ordinal.

" Ten" is expressed by Hsir . 'isirat, as I have already stated.

Of the combinations requiring the numbers between " ten" and " twenty" I

know no more than that Colonel Rawlinson gives !!-< T-^« "^ tTTT from a syl-

labary as " fifteen." He reads this kha?nis sirat, so divided ; but I question

the correctness of the division. I consider the above to be one word, a con-

traction for khamish 'isirat. So, the Chaldee form "10^"!.^! replaces "IDJL? ^"1?!.

" Twenty" is, according to Colonel Rawlinson's Tablet, «^ tj:|y ^^ which

he, most unaccountably, reads sinra (with a dot under the s), and connects

with ^5^ " two," as if " two tens." Surely the true reading is is . ra . ya., or

is . ra . a, the plural of isir, " ten." The Assyrians had no dual ; and the deri-

vation of '

' twenty" from " ten," and not from " two," is in accordance with the

usage of all the cognate languages.

Colonel Rawlinson gives silasa, irhaya (or irha), and khansa, as the cardinals

corresponding to "thirty," "forty," and "fifty." In the second of these we have

the final T! interchanged with t^Tri which leads me to suspect that it should be

pronounced ya in every instance at the close of these numerals; unless, indeed,

a u should precede it. If this view be correct, these forms should be read

—

shilashaya . irbaya, and khanshaya. At any rate, it will be observed that there

is great inconsistency in their derivation. The last of them is plainly connected

with the ordinal theme. The second would seem to be connected with the

cardinal theme, having, like it, a prefixed X; but the change of the first vowel

is not in accordance with the ordinary rules of derivation. Shilashaya deviates

still further from the ordinal theme shalish; while, if the cardinal theme be
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a . shal, it has no relation with it at all. It would seem as if the Assyrians had
three themes, one for the cardinals, one for the ordinals and collectives, and

one for the decads; and that no general law existed as to the connexion of any

two of these.

The cardinal number for " sixty" is unknown to me. Colonel Eawlinson
has given sussu, which is a collective noun.

That for " seventy" is, I believe, V- V'.- tfyfi |{ shi .b'u.u.a. I do not

recollect where this word occurs ; but I feel pretty certain that I have met

with it. " Eighty" and " ninety" remain to be discovered.

y«- mi is " a hundred ;" but whether it be properly a cardinal number, or

a collective noun, may be questioned. It is always preceded by a number.

<y^- " a thousand," is a compound ideograph, " a ten hundred." Like the pre-

ceding, it must have another number before it. Its phonetic equivalent is

unknown to me.

11. The next word, kajbu, must, from the context, signify intervals, each

of them of the length of two of our hours. I think it clearly intimates that

these intervals were marked by the running out of sand or water from a vessel.

The root 3TD signifies " to fail or disappoint," and it is applied to the waters of

a fountain which ceases to flow— (Is. Iviii. 11). The inference from this use

of the word is that the Assyrians marked time by the running out of water

from a vessel which emptied itself in two of our hours. The entire day from

noon to noon contained twelve kajabs; and it seems certain that the day must

have commenced at noon, as this was the only fixed point that was capable of

being observed. Sunrise and sunset were variable, and midnight could not be

determined by observation. On the day noted in the inscription the sun would

set at the end of the third kajab, and would rise at the end of the ninth. Mid-

night was always at the end of the sixth kajab ; and this was probably the

reason why tsidi, " of the sixth," was used to express the north, where the

Assyrians must have well known that the sun was at midnight. .t^Jff 'r^ /J*^
"the wind (or quarter) of the sixth {kajab)" was "the north." I announced

this in the " Proceedings of the Royal Irish Academy," so long ago as March,

185.3; but I could not then offer any conjecture as to the origin of the word.

The opposite quarter, or south, was the quarter >-ti\'^ lEyy, on the meaning of

which I will not speculate. The east and west are represented in connexion

f2
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with these terms by V t^yy satra? and ^>~ "^'^ mariu, the meanings of which

are equally uncertain. The connexion of the latter with the root "i")0 "bitter,"

and thus with " the salt (sea)," appears to me very dubious. The word is

applied to Syria, but I believe as " the western country;" so that this proves

nothing as to the origin of the name. In the Babylonian inscriptions, and

generally on astronomical tablets, these two last words are replaced by

«-»-y X] X] ^t] a-iid >->-y X] \ y^,
that is " sun-rising" and " sun-setting." The

monogram for " sun" has been explained under 1 ; the two other words are

explained on the Tablet K. 64,* by yr T^^gt < and Sf^ *^^ jryyyt- The for-

mer of these is tea . chu . u, corresponding to the Hebrew ^<V^ This is connected

with t^yy cE.<^y cAj . iV, rixy, which occurs repeatedly for " the rising of (the

sun.)" In fact, all the words in the compartment of the Tablet where the

former of these occurs are derivatives from the root ^5V1 = Hebrew i<V\ As
these two monograms are plainly opposed to one another, the meaning of the

other word must be " setting;" and it appears to be from the root 3"i;/, which is

one of those applied to the sun setting. The word is na'.rim.bu.u. Them is a

nasal, inserted euphonically to strengthen the accented syllable. This is more

frequently done by doubling the letter. It is the participle of the second con-

jugation, and would be in Hebrew characters (dropping the case-ending and

the nasal connected with it) 3^i?3.

The next four words, concluding the first portion of the inscription, have

been already explained, being the same with the 6th, 10th, 11th, and 8th.

The two words in the sixth line are monograms for the names of the gods

Nabiu and Marduk, as I have explained in my paper on " Assyrian Mytho-

logy," §§ 31 and 26.

* [A closer examioatlou of this Tablet, and other similar ones, than I was enabled to give them,

has led Sir Henry Rawlisson to the conclusion that they were bilingual ; explaining, not the mean-

ing of monograms or ideographs, but that of words in a language which he calls Accadian, and

which he considers to be Scythic or Turanian. To this language the three words here occurring must

be referred. Ud. du was the Accadian word for "coming forth," and shu . wa that for departing ;

_^y had the four values ud, tu, jmr, and Ukh ; one of which, as yet unascertained (probably tu),

must have been the Accadian word for "sun." It is probable that mushi, "night," was also an

Accadian word; and perhaps ishdin, "one," and even others of the numerals that I have given

above may be so too. Ishdin is, perhaps, a corruption of ikhdin, and thus connected with the

Assyriac root (see p. 41). The Accadian language has much affinity to the Assyriac in its roots,

though wholly different in its grammatical construction.— July 21, 1852.]
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18. These names are followed by ana, a preposition signifying "to, for,"

&c.; equivalent to the Hebrew 7N! or /
19. This preposition is followed by one of the monograms for "king," which

is in construction sar; but it is here to be read in the genitive, as governed by

the preposition.

20. The next word appears at first sight to have a superfluous character.

The first >< is ha' or M ; i. e. V^, with a vowel between the consonants, which
the Assyrians seem to have pronounced as «, though analogy might require it

to be a. The next character is i, and the last is valued Hi in the Tablet K. 144,

as Dr. Oppert pointed out to me. It would appear, then, that the second cha-

racter was superfluous, and it is, in fact, omitted before an affix. Thus >-^ JS t^T^
expresses bi . Hi . ya, " to my lord." I think, however, that the Assyrians would
pronounce this bili-ya, ibr they scarcely sounded the V, and often confounded

it with "'; while the second character in the word before us intimated that the

word without the aflSx should be pronounced with three distinct sjdlables

bi . Hi. The root is 7i!2 ; and in the Book of Daniel we have always ^2, which

was the Assyrian pronunciation of this word.

21. The inscription concludes with the word liqriibu, which is the regular

optative of 2"lp, " to draw near." This is the verb used always in benedictions

of this sort; and it may be translated, in a metaphorical sense, " be gracious or

favourable."

Having now explained every word in the inscription, I will say something

respecting the information which it affords. On the sixth day of a lunar month,

the first day being that on which the crescent was first visible (see my paper

on "Assyrian Mythology," § 9) and the day commencing at noon, the vernal

equinox took place. It is obvious that this could only happen in one year out

a cycle of nineteen ; and in many such cycles it would not occur at all. There

is, then, a great defect in the inscription. It only records the month and day,

and not the year of the observation. I must, in the first instance, endeavour to

explain this circumstance.

I connect it with what has given rise to some strange conjectures,—the state

in which the Tablets have been found. They were found lying in confusion on

the floor of a chamber, most of them being broken as by a fall. I suppose

that this chamber contained a number of compartments divided by sheets of
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wood laid both horizontally and vertically ; that these compartments were

numbered, and that the records belonging to each year were placed together

in one compartment. When the wood decayed, as it must needs have done

in the course of twenty-four centuries, the tablets would all fall to the ground,

and be broken and mixed together, as they were found to be. Although,

therefore, there is no date at present attached to the Tablet, it is highly proba-

ble that it was placed with other Tablets of the same year in a compartment,

the wood of which bore the date of the year.

It is an interesting question what this year was. It appears from several

Tablets that the king, to whom this record-chamber belonged, was the son of

Esarhaddon. His reign commenced, according to Ptolemy's Canon, in 667,

B. C, and lasted twenty years. Before looking further, it is first to be consi-

dered whether any of these twenty years can be that referred to. Now, I find

by the Tables in the third volume of Vince's Astronomy, tliat in the day which

commenced at noon of the proleptic Julian, 27th March, 652 B. C, the sun's

longitude was 359' 31' 12" at 3* 4' 15" p. m., mean Greenwich time, which was

about the time of sunset at Babylon. Twelve hours after, at Babylonian sun-

rise, the sun's longitude was 0' 0' 16". This, then, was the day when the day

and night were equal ; and if it were the sixth day of the month, the first

would be that which began at noon of the 22nd March. I have calculated by

the aforesaid Tables the places of the sun and moon at Greenwich noon of the

21st March ; and I found that the moon was then 30' 40" before the sun. The

conjunction would have taken place about 54' sooner, that is, about two hours

after Babylonian noon. It would have been impossible for the new moon to

be seen that evening ; and, of course, the following day, the 22nd, would have

been the first of the month. In this year, therefore, 652 B. C, the phenomenon

recorded would have occurred.

It may be supposed, however, that as it might have occurred in other years,

there is no certainty that it was to this year that the inscription refers. In

answer to this, I remark that no year within nineteen of this can be thought of;

and that, in 671 B. C, it is not probable that the event occurred as recorded.

In that year the conjunction of the siui and moon occurred on the 21st March

18'' 15' 26" after Babylonian noon, as I have calculated from Vince's Tables.

I believe that more accurate Tables are in existence, especially for the moon,
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but I have not access to then, and the error cannot amount to many minutes
which, m a matter hke this, is of no moment. It appears to me probable that
the day commencmg at the following noon would be reckoned as the first of
the month. I should think that the moon might be seen twelve hours after
conjunction. I have calculated, too, that in that year the sun would be at the
equmoctial pomt 3* 31' after the Babylonian noon of the 28th. I should think
It probable that the day which had then lately commenced, rather than that
which had expired, would have been considered the day of the equinox If
these two suppositions be adopted, the equinox would in this year be the
seventh, and not the sixth of the month. I cannot think it at all probable that
a Tablet of a more early date than 671 B. C. would have been found in this col-
lection, or that one of so late a date as 633 B. C. could have been there Each
Assyrian king had generally a palace of his own, in which he seems to have
preserved his own records, but tliose only. On this account, supposing that
the calculation was equally favoiu-able to both years, I should consider 652
B. C. much the more probable

; and, as matters stand, I think it may be
regarded as a settled point that the day which commenced at noon of the pro-
leptic Juhan 22nd March, 652 B. C, was the first day of an Assyrian year.*

It does not appear from this record whether the year began with the new
moon before the equinox, or with that which was nearest to the equinox
whether before or after. Another Tablet, recording an observation of a dif-
ferent nature, has led me to the conclusion that the 7th April, 667 B. C, was
the first day of an Assyrian year ; and of course to the adoption of the latter
hypothesis.

31rf Octoher, 1855.

* [I had hoped that the astronomical calculations for this paper would have been made by a
friend. When disappointed as to this, I had to make them myself; and, not being a practical astro-
nomer, I neglected to allow for the effect of refraction. This might cause the equinox to be a day
earlier, and would render 671 B. C. more likely to have been the year of the observation than I
have above supposed it to be. As to the main point, however, that, both in this year and in 652
B. C, the Assyrian year began at noon of the proleptic Julian 22nd March, I entertain no doubt
whatever—July 21, 1856.]
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—

On the Ancient Irish Missal, and its Silver Box, described by Dr. OConor in

his Catalogue of the Stowe MSS., and now the projjerty of the Earl of Ash-

burnham. By James Henthorn Todd, D. D., F. S. A., President.

Read June 23, 1856.

IN May, 1855, I had the privilege, through the kindness of their present noble

owner, to examine the Irish MSS., formerly in the possession of the Duke of

Buckingham, at Stowe. To one of these MSS., and to the inscriptions on the

silver box in which it is preserved, I purpose in the present communication to

call the attention of the Academy.

But first, perhaps, it will be desirable to state, for the sake of some of my
hearers, that when these MSS. were offered for public sale in London, the Pro-

vost and Senior Fellows of Trinity College, with their usual enliglitened Hbera-

lity, commissioned me to purchase such of the Irish MSS. as I might think

most necessary for the University Library ; and placed at my disposal a sum of

£300 for that purpose. In the meanwhile, however, negotiations were opened

by the owners of the property with the British Museum, for the purchase of

the entire collection, which contains, besides the Irish MSS., a great number

of extremely valuable documents, illustrating the civil and ecclesiastical his-

tory of Great Britain and Ireland, and many most important specimens of

early English as well as Oriental Literature. But the trustees of the Museum
received the communication with indifference. They merely caused a propo-

sition to be made as to the disposal separately of the Irish portion of the collec-

tion ; and this having met with a prompt refusal, this magnificent collection of

MSS. became the property of the Earl of Ashbuenham.

a 2
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About this time I had been nominated by the Government one of a Com-
mission to prepare for publication the Ancient Laws and Institutes of Ireland,

commonly called the Brehon Laws ; and, knowing that among the Stowe MSS.
there was at least one important Brehon Law MS.—" The Book of Acaill,"

—

I made application to Lord Ashbuenham for permission to see the collection.

My name had been kindly mentioned to his Lordship by my friend—alas

!

I must now say my late friend—Mr. Holmes, of the British Museum ; and I

received a most polite reply, in which his Lordship informed me that he

was at that time building an addition to his house, for the reception of his

MSS., but that as soon as he had completed his arrangements, he would be

happy to see me at Ashbiu'nham-place.

Accordingly, in the May of last year, his Lordship fulfilled his promise,

and sent me a kind invitation to visit his noble mansion, with its unrivalled

literary treasures. I went over to England specially for the purpose, and ar-

rived at Ashburnham-place on the afternoon of Monday, the 28th of May,

—

his Lordship having most politely sent his carriage for me to the railroad

station—a distance of about ten miles.

The next morning his Lordship introduced me to his MS. room, and gave

me free permission to examine the MSS. I had taken Dr. O'Conoe's Cata-

logue with me, and I examined everything in the Irish part of the collection

that seemed to be of any importance or interest. When I speak of the Irish

part of the collection, you will understand me to mean those MSS. only which

are in the Irish language: there is a large number of MSS. in the English and

Latin languages relating to Ireland, which are of the utmost value to the future

historian of this country ; but with these I did not meddle.

By far the most interesting and important MS. in the collection is the ancient

Irish Missal, which will be the subject of the present remarks. Its venerable

ciimhdach, or cover, has been remarkably well represented in the plates which

accompany the second volume of Dr. O'Conor's " Rerum Hibernicarum Scrip-

tores." These plates give a tolerably correct idea of the box and its ornaments,

as well as of the inscriptions it bears. Dr. O'Conoe has also published an elabo-

rate essay on this box, in the Appendix to his Catalogue of the Stowe MSS.,

vol. i., App. No. I. ; but it is deeply to be lamented that he did not abridge some

of his " excursus," and give us instead a correct transcript of the very important
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text of the ancient Latin Missal which the box contains. Such a transcript
would have superseded his unsatisfactory description of the MS., and would
have been an invaluable addition to our existing materials for a history of
the primitive Missal of the western Churches.

As my examination of the original box enables me to correct some mis-
takes committed by Dr. O'Conor in his attempts to translate the inscriptions

on its top and bottom, I shall first give these inscriptions in full, making such
remarks as may be necessary as to the particulars in which I differ from Dr.
O'CONOK.

The inscriptions on what is now the bottom of the box are evidently older
than those on the top, and cannot be later than the middle of the eleventh
century. They are inscribed on four plates of silver, running round the sides

of the square
; and on two others crossing in the centre at right angles. The

central part of these two latter plates has, however, been rudely cut away, in

a most barbarous manner, apparently by a chisel, in order to make way for an
oval, which originally contained a crystal, such as we commonly find on eccle-

siastical boxes of this description. This oval is exactly the same as that on
the other side, or top of the box, and proves that the mutilation of the inscrip-

tion must have been perpetrated at the time when the inscriptions and other

ornaments of the top were added. This is an additional proof that the inscrip-

tions of the bottom axe the more ancient; but, without that evidence, the

characters sufficiently prove this to be so to every one who is at all familiar

with monuments of this kind.

I may remark here, that Dr.O'CoNOR's plate representing the bottom of the

bos ought to be inverted. This will place the inscriptions in their natural

order, beginning with the following, which will then appear on the upper
rim;*

—

* It is to be observed that Dr. O'Conor represents the letter p of these inscriptions by the

italic n—Appendix I., p. 2, sq. (Stowe Cat., vol. i.) But this was from a want of Irish type, not

from ignorance. It is strange, however, that he did not print the letter, as he knew it was,

r, instead of telling his readers, " It is also observable, that the letter r is scarcely different from

the letter n, being written with two shafts of equal length," &c. This is only saying, in other

words, that the inscription is in Irish characters of the eleventh century; but when every other

letter in the inscription was represented by its corresponding modern italic letter, one does not

see why r should be represented by n.
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beNQchc t)e an cecli an
maiN as a liaRilLiuch

" The Blessing op God on eveet

so0l who deserves it."

Dr. O'CoNOR renders this, " Benedictio Dei unicuique qui huic operi contulit

plus vel minus"—" To each soul who worked (or contributed to this work)

much or Httle." But this is rather a paraphrase than a translation, and is evi-

dently founded on a mistake as to the meaning of the last word in the inscrip-

tion, which is from the root ruiUim, to deserve^ with the eclipse or omission of

the initial c.

The inscription on the lower rim, constituting the opposite side of the

square, ought, perhaps, to be read next. It is as follows:

—

OR DO t)ONt)chat) mace
bwaiM t)0 TJ15 heneND

" A Peater for Donnchadh son of

Brian, King op Ireland."

These words enable us to date the inscription, as Dr. O'Conor has well ob-

served. For this Donnchadh, son of the celebrated Brian Boroimhe, was actually

King of Munster, but afterwards became King of Ireland, having first caused

his brother, Tadhg, joint king with himself of Munster, to be murdered, A. D.

1023; which fact is thus recorded in the Annals of Tighernach at that date;

and it is to be remembered that Tighernach was a contemporary writer:*

—

Tadhg, son of Brian Boroimhe, was killedCabs mac byiiaiTi bojioitiQ tio mapbab

o'eiib a bpell, lap na umaiU bi'a bpachap

.1. Do t)hoTit)chQ6.

by the Elians with treachery, they having been

instigated thereto by his brother, vi^., by

Donnchadh.

And the same statement is made by the Four Masters at the same year.

In 1026 Donnchadh invaded Leinster, and assumed the sovereignty of Ire-

land, having succeeded in carrying off hostages from Meath and Bregia, from

* I quote from the MS. of Tighernach in the Library of Trinity College, Dublin, the text of

this important Annalist having been most incorrectly printed by Dr. O'Conor.
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the Danes, and from the men of Leinster and of Ossory, as we learn from the

following record in the Annals of Tishernach.

SluaijVieaft la mac mbpiain cop ^aX>

gialla pep inbpeaji TTli&e, ] "^aXX, i Laigen,

1 Oppaige.

An expedition by [Donnohadh*], son ot

Brian, who took hostages from the men of

Bregia and Meath, and the foreigners, and

Leinster, and Ossory.

He subsequently invaded Connaught, and obtained hostages from the then king,

Roderick O'Conor, in 1059 (Tighern.)

In 1064, however, Donnohadh was expelled from Ireland, after which he

appears to have professed repentance for his ambition and other crimes, as he

then undertook a pilgrimage to Rome, where he died in a monastery. Tigher-

nach thus records this fact:

—

Donnchot) mac bpiain bopoime, pij

mumhan, do achpiojaD, -\ a but bon Roim

Dia ailicpe, co nepbuilc, lap mbuaib naic-

pige a mainiptiip Sceaphain.

Donnohadh, son of Brian Boroimhe, King of

Munster, was deposed, and went to Rome in

pilgrimage, where he died after the victory of

penitence, in the monastery of Stephen.

From these facts it is evident that the inscription before us, which calls this

Donnohadh King of Ireland, cannot be older than 1023, when he appears to have

aimed at the supreme sovereignty, by ridding himself of his brother, nor later

than 1064, Avheu he was expelled from Ireland.

f

We conclude, therefore, that the inscriptions on this side of the box, which

are evidently all of the same date, must be assigned to the first half of the ele-

venth century ; and, therefore (it is reasonable to infer), the MS. for which so

costly a case was provided must have been at that time regarded as of consi-

derable antiquity and importance.

The next inscription is as follows:

—

<i> ocus DO TTiacc T?aicln hu d

oNDchaoa Do R15 cassil

"And for Mac Raith hu

DONNCHADHA, KiNG OF CASHEL."

* See Four Masters in anno 1026.

t See Dr. O'Brien's tract on the "Law of Tanistry," Vallancet's Collect., vol. i., p. 510.
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This Mac Raith seems to have siicceeded Donnchadh as King of Cashel,

or of Mimster, when Donncliadh became King of Ireland, having been pre-

viously king, or chieftain, of the Eoghanacht-Chaisil, as he is styled by Tigher-

nach and the Four Masters. But neither his title as King of Cashel, nor that

ofDonnchadh to the greater sovereignty, was universally admitted. And hence

we find, that Tighernach (a contemporary historian, but a native of Connaught)

calls Donnchadh King of Munster only, and Mac Raith, heir apparent (pig

Damhna), not King, of Cashel. But in the inscription before us, the pretensions

both of Mac Raith and of Donnchadh are asserted ; and it appears that they

were associated in the pious act of contributing to the expense of this box.

Dr. O'CoNOE thinks that both Mac Raith and Donnchadh, son of Brian, must

have been living when the inscriptions were made, because we are asked to

pray for them, not to pray for their souls: "for" (he says) "in all Irish inscrip-

tions in memory of the deceased, we are desired to pray for their souls." It

is more than probable that the conclusion is correct, although the argument

adduced in support of that conclusion is certainly not true. We have innume-

rable instances of inscriptions on ancient tombstones, in which we are desired

to pray for an individual by name, without any mention of his soul ; and it is to •

be presumed that tombstones were not erected until after the decease of those

whose names they bear. It is highly probable, however, from other consi-

derations, that this box must have been made before the death of Mac Raith

and Donnchadh, and during the plenitude of their power and prosperity ; for

it is not very likely, from their subsequent history, that so costly a relic would

have borne mention of them with their regal titles, after their death.

The death of Mac Raith is recorded in the Annals of Tighernach, A. D.

1052, in these words:

—

mac Raich Viua t)onticat)ha, pig eogan-

achca Caiyil, |ii5t)amhna DIuTiilian, t)0 ecc.

Mac Eaith O'Donncadha, King of the Eogh-

anacht of Casbel, heir apparent King of Mun-
ster, died.

This was twelve years before the expulsion of Donnchadh, son of Brian

Boroimhe ; and it is, therefore, almost certain that the original box must have

been made between the years 1023, when Donnchadh became King of Ireland,

and 1052, when Mac Raith died.
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The following is the descent of Mac Eaith from Ceallachan Caisil, King of
Munster,* who died A.D. 954:—

Ceallachan Caisil, ob. 954.

Doimchadh, King of Monster, ob. 0C2.

ISaerbreathacb, ob. 97D.

Carthach, from whom Mac Raitb, ob. 1052.
Mac CartJiy ; killed,

1045.

This explains why Mac Eaidh is called Ua Donchadha, or grandson of Don-
chadh, in the inscription.

The fourth inscription, on the right-hand side of the square as it stands in

Dr. O'Conok's plate, but oa the left hand, as it ought to be, is as follows:—

+ OR t)0 t)iiNchat) liu caccaiN
DO muiNcm cLuaNQ do R15N1

le

" A Peayeb for Dunchadh O'Taooain,

OF THE FAMILY OF CluAIN, WHO MADE IT."

" Thefamily of Cluain" signifies the monastic society of Clonmacnois. Tl
words DO pigrii on raonumcnts of this kind always signify, "who made or fa-

bricated it ;" and imply that the individual who in this sense " made" the re-

liquary, was the artist, or operative mechanic, who executed the work;f so

that Dr. O'Conor is probably correct when he says (Catal. App. No. I., p. 38)
that Donchadh O'Taccan, or O'Tagan, of the monastery of Cluain, " is stated on
our cover to be the artificer who made it."

Of this Donchadh O'Tagan we know nothing except what we learn from
this inscription, that he was of the muintir (family or religious society) of

Clonmacnois
; and that he was the artist by whom this ornamented and costly

box was made for the preservation of the venerable MS. which it contains.

There remain two other inscriptions on this side of the cover, which have
unfortunately been greatly mutilated, as already mentioned, and their full mean-
ing is therefore irrecoverably lost. They occur on two silver plates, crossing each

* See the Genealogical Table in Dr. O'Donovan's " Battle of Magh Rath," p. 340.

f See O'Donovan's "Irish Grammar," p. 228.

VOL. XXUI. I
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other at right angles in the centre of the cover. A space which may have

contained about ten letters in each line of the inscriptions has been rudely cut

out, and the defect is the more to be lamented, as the last words would evi-

dently have supplied the names of individuals who had taken a share in making

or causing this box to be made. The first inscription is as follows:

—

+ OR t)0 N a 1 N h

U CaC MGeRNQD

" A Prater for . . . nain O
CaTH BT WHOM IT WAS MADE."

Here we have the name ofone of the persons who caused the box to be made

;

but we can only say with certainty that his Christian name ended with the

syllable nain, uain, or 7nain (for the first letter is not certainly n), and that his

surname began with the syllable (9' C'ai. . . . Perhaps the name may have been

GillafinainO'Cathail(0'Cahill)or Gillafinain O'Cathasaigh (O'Casey); but the

number of letters in the former name would better sixit the vacant space, and

the inscription might then be completed thus:

—

OR Do siLLapiNaiN li

u cacaiL Las aMoeRimO
" A Prayer fob Gillafinain

O'Cathail, bt whom it was made."

This, however, is a mere conjecture, as there are many other Christian and

family names that would answer the conditions, and I can find no mention of

Gillafinain O'Cathail in our Annals. An Aenghus O'Cathail, " Lord of Eogh-

anachtLocha Lein" (Killarney), was slain in 1033 (Annals of Tighernach, and

Four Masters); so that the family in the eleventh century was one of rank and

consideration, and there is no difficulty in supposing one of them to have been

instrumental in getting such a box made.

Dr. O'CoNOU partially restores this inscription thus:

—

OR DO a M main h

u cac . . . Las aNDeRNoD
"Prat for the Soul of

O'CaT .... by WnoM IT WAS .MADE."
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But this supposes only two letters to have been lost in the first line, whilst

It requires at least eight to fill an equal space vacant in the second. It is
therefore, inadmissible. It assumes also that the last syllable of the mutilatedword in the first line is main, not na.n, which is possible; but whether we
read m or n, there can be no doubt that this word was the Christian name
of he person mentioned. If we adopt the termination mam, it is possible
tha marhshamain, or Mahon, may have been the name, which would fit very
weii into the vacant space.

The other mutilated inscription is still more irrecoverable. It is probable
however, that in this there are not more than four or five letters lost in each
me, because the vertical plate must have crossed it; and therefore the whole
breadth of that plate is to be allowed for. All that now remains is as fol-
lows:

—

•^ 00
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period to which this inscription belongs; or, if Dr. O'Conor be correct in sup-

posing the third letter of the second line to be D, the name may be Ua Dubhlaig

[O'Dooley],—a family who were lords ofFeara-Tulagh (Fartullagh), a barony in

the county of Westmeath.* But it is not improbable that what now seems to

be I may be the remains of an n, as the rude chisel of the mutilator has ap-

proached it very closely. If so, the name may be Ua Uisheiinaigh, or

O'Tighernaigh [O'Tierney].

Dr. O'Conor's proposed restoration, however, of the first line of this in-

scription is plainly untenable, although he speaks of it with great confidence.

" If the last name," he says, " could be restored, no doubt can remain of its being

in other respects perfect."f He proposes to read it thus :

—

OCUS t)0

hu D . .

.
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These plates contaiu inscriptions in double columns, which I must now proceed
to describe.

The inscriptions on the upper and lower plates are both mutilated, the last
half of both having been torn away. These inscriptions are in double lines.
What remains of the first is as follows:

^ OR t)o pub
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of them he has omitted altogether, being in all probability unable to read tlie

name plib, in the first fragment. He renders the second inscription thus:

—

" A JOINT Offering was this Jewel, and to praise worthy

LEARNED J^ DoNNALD O'TOLARI ADORNED ME."

This does not seem very intelligible. The mark before the name of Domh-
nall O'Tolari might have shown him that a new subject was there commenced

;

but the absence of the initial c in the word cumDaigeo caused him to miss the

meaning of the Avhole. The interpretation I have given is undoubtedly the

true one ; for Philip O'Kennedy, and Aine his wife, are historical personages,

whose decease is thus recorded by the Four Masters, at the year 1381:

—

Pilib Ua CinnciDig cijeapTia Upmuiiian, i Philip O'Kennedy, Lord of Ormond, and

1 Q bean Qine ingeaTi meic conmapa bo his wife Aine, daughter of Mac Namara,

6cc.
1 died.

Here, then, we have the date of the second covering or " decorating" of

this box, just three hundred years later than the former cover, as indeed the

characters in which the inscriptions now before us are engraved plainly indi-

cate. It was " decorated" by Domhnall O'Tolari (who was probably guilty of

the barbarous mutilation of the ancient inscriptions) during the lifetime of

Philip O'Kennedy and his wife, Aine Ny Mac Namara, in the middle of the four-

teenth century. Of this artist nothing is known.

The words, " Domhnall O'Tolari decorated me," represent the box as

addressing the reader, according to the usual style of such inscriptions. The

name O'Tolari, however, does not occur in our records. Dr. O'Conoe, in the

lower margin of his engraving, interprets it OTolar, omitting the final i; but

this is also a name which is not known to us, and I am, therefore, inclined to

think that the final i in the inscription, as Dr. O'Conor's engraving represents

it, ought to be c or g, and that the name is O'Tolarc, or O'Tolarg. Neverthe-

less, the drawing that I made of this inscription when I had it before me, gives

the word beyond all doubt Uolaju
; so that the mistake, if it be one, was a mis-

take of the original engraver.

The third inscription on the lower plate is unintelligible, as the greater part

of it has been lost ; and what adds to the difficulty is, that it contains a character,
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or combination of characters, the meaning of which is unknown. The follow-

ing is a fixc-simile of the fragment which now remains of this inscription:

—

^on:Bie:

QHOoef

The first word is plainly Oiioic, a prayer; but I can make no satisflictory

guess as to the meaning of the remaining words ; nor can I explain the con-

traction which follows OR. The remainder of this inscription is possibly

[5iU]a]iuaem, the same as jiUainiaoan, which occurs in the next, or fourth

inscription, on the left-hand side of the square, as follows:

—

OR t)0 siLLauu

t)OKi comaTJba La
Crys-

tal.

qDqn umacaN
SQR cumt)ai5et)

' A Prater for Gilla-

THE COMHARB, BY WHOM
RCADAN O'MaCAN,

THIS WAS COVERED."

i. e. by whose instrumentality, or at whose expense, the cover was made. I

have not been able to ascertain who this Gillaruadan O'Macan was ; but his

name, Gilla Ruadhan, or servant of St. Ruadhan, connects him with Lower

Ormond; and it is therefore highly probable that he was comharb or suc-

cessor of St. Ruadhan of Lothra, or Lorha, in Lower Ormond, that is to say,

abbot of that monastery, which was the principal church of O'Kennedy's country.

It is certain, however, from these inscriptions, that the MS. for which this

precious shrine was made, belonged to some church of Munster,—for the older

inscriptions represent it as having been enshrined by Donnchadh, son of Brian

Borumha, and by ]\Iac Raith O'Donnchadha, the great grandson of Callaclian

Caisil, both of them Kings of Cashel, or of Munster ; and the later inscriptions

connect it with O'Kennedy's country, or Lower Ormond, and in all probability

with the Irish monastery of Lothra, or Lorha. I say, with the Irish monastery,

of which St. Ruadhan was the founder, because there was at that time also an
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English monastery at Lothra, founded by AValter de Burgh, in 1269. Gilla-

ruadhan O'Macan, from his Irish name, as well as from his title of Comharba,

must have belonged to the old Irish monastery.

It is, therefore, by no means impossible that the MS. contained in this box

may have been the original Missal of St. Euadhan himself, the founder of the

monastery of Lothra, who died A. D. 584. The valuable ancient catalogue of

the Irish saints,* which divides them into three orders, the author of which

cannot be later than the seventh century, tells us that the first order of saints

(from St. Patrick to the reign of Tuathal Maelgarbh, who died A.D. 544) had all

the same mass, the same celebration, and the same tonsure, from ear to ear:

—

" Unam missam, unam celebrationem, unam tonsuram ab aure ad aurem ;" but

that the second order of saints (who flourished from the end of Tuathal's reign

to that of Aedh Mac Ainmirech, who was killed in 599) had different masses

and different rules:—"Diversas missas celebrabant, et diversas regulas, unum

Pascha, quartadecima luna post tequinoctium, unam tonsuram ab aure ad aurem."

St. Euadhan of Lothra belonged to the second class of saints, who had dif-

ferent missals and different monastic rules, although they kept up the quarto-

deciman Easter, and the old Irish tonsure from ear to ear. That is to say, they

did not confine themselves to one form of celebration, but adopted freely the

forms, or missals, which they found elsewhere on the continent of Europe ; and

it is probable that the MS. we are now to speak of was one of these different

missals.

It exhibits internal evidence of having undergone the same sort of mutila-

tion as the case in which it is now contained. The original MS. was written

in an ancient Lombardicf character, which may well be deemed older than the

sixth century. But several leaves of this ancient book have been evidently

cancelled, and their places supplied by matter in an Irish hand of the tenth or

eleventh century. This is a circumstance of great importance, which has never-

theless been entirely unnoticed by Dr. O'Conor.

* First published by UssHER (Works, vol. vi. pp. 477-479.), and afterwards by Fleming (Col-

leotan. Sacra, p. 430) from a different copy.

t It should be borne in mind, that the characters styled Lombardic are in reality older than the

Lombardic invasion of Italy in the seventh century ; being the style of writing which the Lombards

found in use, and which they adopted when they learned letters from those whom they vanquished.
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The remarks I have to make on this most interesting MS. are necessarily

very imperfect, being almost entirely the result of recollection. Lord AsH-

BUENHAM did not permit me to transcribe anything, and I was, therefore, forced

to content myself with a careful perusal of the MS., comparing it as I read

with Dr. O'Conoe's description of it.

The book contains, first, the Gospel of St. John ; and, secondly, the Missal,

or rather Sacrmnentarium (for it includes the rites of baptism); written in dif-

ferent hands, and at different periods.

Dr. O'CoNOR has given a fac-simile of the first two pages of the Gospel of

St. John,—the first page representing the emblem or figure of the Evangelist,

holding his book, with the symbolical eagle over his head ; the second con-

taining the beginning of the first chapter of St. John. This portion of

the MS. (if I mistake not) is in a handwriting not later than the seventh

century.

At the end of the Gospel of St. John are these words:

—

" Deo gratias ago, Amen. Finit, Amen. Eogo quicunque hunc librum

legeris, ut memineris mei peccatoris scriptoris, .i. mi m ii
'-^ peregrinus.

Amen. Sanus sit qui scripserit et cui scriptum est, Amen."

This gives us the name of the writer, "Sonid Peregrinus," or "Sonid

the pilgrim ;" for the word in Ogham characters is Sonid, if read directly

as it stands ; but inscriptions of this kind, and especially names, were often

written backwards ; and the name before us, if so read, will be Dinos
;

but I can find no mention of Sonid or Dinos the pilgrim in any of our

records. The "&nMs sit" of the last line seems to favour the former

reading.

The Missal, as I have already said, is in two different hands. It seems to

have been originally written in what I have called the Lombardic character,

and afterwards altered, to adapt it to a different Ordo, or form of Liturgy, by a

more recent hand. Dr. O'Conor has given a fac-simile of a page of this MS.,

in which may be seen the difference of the two hands; the text of the MS.

being in the older or Lombardic hand, and the rubric at the top of the page

in the more recent characters.

Dr. O'Conor remarks that the improvements made in the Roman Missal

since the days of Berno, who died about A. D. 1047,—improvements which

VOL. XXIII. c
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were adopted in Ireland at the Synod of Kells, A.D. 1152,*—are wanting in this

Missal, and therefore it must be considered as the Missal which was in use in

Ireland before that time. But it needs not this consideration to prove the

antiquity of the MS. The characters alone are sufficient evidence to a prac-

tised eye. The older writing is certainly not later than the sixth century
;

and the more recent hand is probably of the tenth.

The MS. exhibits evidence of the fact that, at the period of this more recent

hand, alterations were made in the Missal, and the older writing mutilated for

the purpose of introducing these alterations. In one place a page and a half of

the ancient book has been erased, and prayers in the more recent hand written

over it, in the manner of a palimpsest. In this more recent hand are written

the titles or rubrics prefixed to the prayers, as also the rubrics in the Irish

language, mentioned by Dr. O'Conor in page 47 of his account of this MS. The

object of these alterations plainly was to bring the older form of Divine Service

into conformity with the office then in use, or which the mutilator had some

reasons for preferring; as if the possessor of a copy of the ancient Sarum Missal

of the Church of England should have sought to bring it into conformity with

the present Roman Missal by erasures, alterations, and insertions, in all the

places where they are found to differ.

I may observe that what Dr. O'Conor has said (p. 41) of accents, which he

supposes to be musical notes, is a mistake. There is nothing of the kind in

the MS.

At page 71 of the MS., at the end of the Canon of the Mass, we have, in the

more recent hand

—

TTlaol caich pcpipi'ic.

This gives us the information that the more recent additions made to the

MS. are in the handwriting of Maolcaich ; but I can find no mention of this

personage in any of our records. The name, however, is Irish, and belongs

to an early period of our history, when the names of Paganism were still

retained. There was a Maelcaich, son of Aedh Bennan, King of West Munster,

who may have lived to about the year 700, but he could not have been the

scribe of our MS., who was probably a century, or perhaps two, later.

* Berno was abbot of Eeichenau, and wrote a treatise on the Mass, which has been frequently

printed. It may be seen in the "Bibliotheoa Patrum" (Lugd. 1677), toI. xviii. fol. 50.
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The Office of the Mass, in this MS., begins with the Litanies, which are

preceded by the antiphon Peccavimus; over this Maolcaich has inserted the

rubric

—

" Letania apostolorum ac martinim sanctorum virorutn et virginum incipit.

Deus in adjutorium nostrum intende."

I have not retained here the contractions of the original, which may be

seen in Dr. O'CoNoii's fac-simile plate of the page in which this rubric occurs.

Dr. O'Conor's account of the order of the prayers in this Missal is, on the

whole, very correct, and I shall, therefore, briefly repeat what he has said,

adding only such observations as my examination of the MS. has suggested.

After the Litanies, which, for the reason already given, I could not tran-

scribe, we have in this Missal (I quote Dr. O'Conoe's words*) "the hymn
Gloi'ia, without any allusion to the Conjiteor^ the commencement of the Roman
Mass ever since the ninth century ; neither does the Pax vobis., or the Dominus

vobiscum, which are fi'equently repeated in the Roman, occur anywhere in the

Irish, although in the Roman they are certainly as old as the tenth century.

In the Roman the Collect follows the Gloria, and consisted always of one

prayer," [?] " as at present. In the Irish it consists of several prayers for the

priests, the people, the Universal Church, the peace and prosperity of princes

and kingdoms, for the distributor" [givers] " of alms, &;c."f

This last circumstance is interesting ; for Dr. O'Conor has shown that at

a Synod held at Matiscon, A. D. 623 [not 620, as he has it], to consider certain

objections brought by one Agrestius against the rule of St. Columbanus, this

peculiarity of the Irish Missal is noticed. It appears that the monks who fol-

lowed the rule of St. Columbanus at that time on the continent of Europe

observed in every respect the rites and customs of the Irish Church, and even

the tonsure from ear to ear, which was peculiar to Ireland and Scotland.

Mabillon, in his " Annals of the Benedictine Order" (vol. i., p. 320), gives a

oill account of this controversy, and mentions, amongst other objections urged

jy Agrestius, the following:—"In summa quod a cseterorum ritu ac norma

lesciscerent, et sacra missarum solenmia orationum et collectarum midtiplici

varietate celebrarent." The answer of Eustasius, who appears to have been

* Stowe Catal., Append. No. I., p. 43.

t See the Office for Easter Eve in the Bobio Missal {Museum Ital., torn i. part ii. p. 320).

c2
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the abbot of the Columban Monastery of Luxovium, or Lisieux (he calls him-

self "ejus [Cohimbani] discipulus et successor"), admits the fact, and defends it

thus:—" Orationum porro multiplicationem in sacris officiis multum prodesse

quis neget ? Cum et orationi sine intermissione vacari nobis ex divine prse-

cepto incumbat, et quo plus Dominus quseritur, plus inveniatur, nihilque cuivis

Christiano ei maxima poenitentibus salubrius sit, quam Deum multiphcatione

precura et orationum assiduitate pulsare."

Dr. O'CoNOR quotes a passage from the Rule of St. Columbanus, which

describes this multiplicity of prayers, in exact conformity with the Stowe Missal;

although, on examining the context, it would seem that the Rule was speak-

ing of the versicles interposed between the Psalms of the Daily Office, not of

the Collects in the Mass.* Be this, however, as it may, it is certain that this

Missal represents one of the ancient liturgical offices in use in the Irish Church,

by the second " Ordo" of Irish saints.

To give an idea of these Collects, I may add to what Dr. O'CoNOR has said,

that one ofthem is entitled, '' Oratio prima Petri" beginning, "Deus qui culpa ;"f

then follows a lesson from 1 Cor. [xi.], beginning—"Fratres quotiescunque

manducabitis ;" then " Omnipotens sempiterne Deus, qui populum tuum," &c.

" R. Quserite Dominum, et confirmamini. Fortitude mea, et laudatio mea

usque in salutem.

" Sacrificio prseseutibus Domine qusBsumus intende placatus, ut devotionis

nostra proficiant ad salutem.

* The words are:—"Per diurnas terni Psalmi horas pro operum interpositione statuti sunt a

senioribus nostris cum versiculorum augmento intervenientium pro peccatis primum nostris, deinde

pro omni populo Christiano, deinde pro Sacerdotibus, et reliquis Deo consecratis sacros plebis gradibus,

postremo pro eleemosynas facientibus, postea pro pace regum, novissime pro inimicis, ne illis Deus

statuat in peccatum quod persequuntur et detrahunt nobis, quia nesciunt quid faoiunt."

—

Reg. S.

Columbani, cap. 7 (Fleming, Colkctan. Sacr., p. 6). Specimens of the Collects here alluded to may-

be seen in the Antiphonary of Bangor, published by Mceatoei, " Opere," tom. xi. part iii. p. 2 1 7, seq.

{Arezzo, 1770), and also in the "Liber Hymnorum," preserved in the Library of Trin. Coll., Dublin,

a MS. probably of the tenth century.

t This prayer occurs in what is called " Missa Cotidiana Bomensis" [i. e. ex Ordine Romano

seu Gregoriano," as Mabillon explains it] at the end of the "Missale Gothioum" (Mabillon, Lit.

Gallican., p. 300); also in the "Missa Romeusis Cotidiana," in the Bobio Missal (Mus. Ital., tom. i.

part ii. p. 279) It is as follows:—"Deus qui culpa offenderis, poanitentia placaris, afBictorum

gemitus respice, et mala quiE juste inrogas misericorditer averte. Per."
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" Deprecatio S. Martini pro populo incipit. Amen. Deo gracias. Dicamus
omnes Domine exaudi et miserere."

We find nothing corresponding to our present Epistles and Gospels, but only

the lesson from 1 Cor. already mentioned, and another from St. John, vi., both

which bear directly on the institution of the Eucharist.

The lesson from St. John, vi. is introduced, p. 14 of the MS., with this

rubric (in the more modern hand)

—

lerhDipech puno

dirigatur domine usq; vespertinum.

tunc canitur. hie elevatur

linteamen de calice ueni dne

sanctificator omnipo. et

benedic hoc sacrificium prtepa-

ratum tibi, amen, tunc canitur

Ic. evangelii sec. iohannem

dns. n. i. x. dixit ego sum panis et

oratio gg sr evangel, quesumus

dne omnipotens, &c.

In page 20 we have the following Irish rubric (in the later hand):—

lanDipech punD.

These rubrics Dr. O'Conor passes over without notice, and, therefore, it

will be necessary to make some remarks on them. The words lerhoipech

puriD, in the first, and lanoipech punD, in the second, are in the Irish language,

and signify "a half uncovering here," and "a full uncovering here," intimating

that the chalice was half uncovered before, and fully uncovered after the read-

ing of the Gospel from St. John, vi.

Mr. Curry has given me the following extract from a curious ti'act, an

explanation of the ceremonies of the Mass, preserved in the Leabhar Breac,

which throws some light upon this, and fully establishes the signification of the

word Dipech in the foregoing Irish rubrics. It is as follows ;

—
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In 01 noccat) co leic in CI101I15 oippmb -| ina

hablomne, "| 1 cancap occii icip fofcel -\

aUeoip, pijuip pecca licpi pm in po cep-

chanat) Cpipc co poUiip, ace na pacup lie

ceiTi CO ngenip. Conigabail in ctioilig oip-

pino 1 na ineipi lap na lanDip^uO 1 conap

in peppa .1. immola Oeo pacpipioium lauoip,

&c.

The two uncoverings, including the half of

the chalice of the Offertory, and of the Obla-

tion, andwhat is chanted with them, both in the

Gospel and alleoir,* figure the written law, in

which Christ was manifestly foretold, but was

not seen until his birth. The elevation of the

chalice of the Offertory and the paten, after

the full uncovering, at which is sung the

verse Immola Deo sacrificium laudis, &c.|

Here it will be observed, that the word translated "full uncovering" in the

concluding clause is lanDipT^iiD, the very same word, allowing for the ortho-

graphy of a later age, as thelcinDipech of the Stowe Missal; and it is explained by

the synonymous noccao, uncovering, or baring, at the beginning of the extract.

" Dirigatur domine usque vespertinum."—These words are from Ps. cxl. 2

(Vulg.), and are still used in the Eoman Missal, where the priest incenses the

altar:
—"Dirigatur, Domine, oratio mea sicut incensura in conspectu tuo: ele-

vatio manuum mearum sacrificium vespertinum."

" Tunc canitur."—Anticipating, perhaps, the Tunc canitur locus evangelii,

&c., which occurs lower down.

"Hie elevatur linteamen de calice."—" The linen cloth (or vest) is here to

be raised from the chalice."

" Veni domine sanctijicator omnipotens, et henedic hoc sacrificium prceparatum

tibi. Amenr—The present Roman Missal has this prayer immediately after the

oblation:—"Veni sanctificator omnipotens eeterne Deus, et benedic hoc sacri-

ficium tuo sancto nomini pr^paratum." But the old Hereford use of the Church

of England employs the prayer in the oblation of the chalice, in the following

form :
—"Veni sanctificator omnipotens et Domine Deus. Benedic et sanctifica

hoc sacrificium quod tibi est prffiparatum."

The next words may be thus given in full:—
"Tunc canitur locus evangelii secundum Johannem, Dominus noster Jesus

Christus dixit. Ego sum panis et," &c. " Oratio Gregorii super evangelium

:

Qu^sumus Domine omnipotens," &c.

• This word seems corrupt; it is either .-IWe/iu'a, or Gloria; perhaps a confusion of both together,

f "Leabhar Breac," fol. 126 a.
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I know not what this "Oratio S. Gregorii" may be, unless it be the fol-

lowing, which occurs among the " Oratioues quotidiante" at the end of St. Gre-

gory's "Liber Sacramentorum :"*

—

" Qua3sumus omnipotens Deus, ne nos tua misericordia derelinquat, qu£e et

errores nostros semper amoveat, et noxia cuncta depellat. Per."

Another remarkable fact noticed by Dr. O'Conor is this, that the Stowe

Missal omits the celebrated addition oi'Jilioqiie in the Creed. This is not a

proof of heterodoxy, but only of antiquity ; for that addition, as is well known,

did not become general in the West until after the time of Pope Leo IIL,—the

beginning of the ninth century. This is about the date of the later handwriting, in

which the additions and alterations inserted in this MS. have been made through-

out ; and accordingly we find thatJilioque has been interlined in the more recent

liand.- Dr. O'Conor, in his Plate, has given a fac-simile of this passage of the

Creed, by which it appears that the reading of the original MS. was as follows :

—

"Cujus regni non erit finis. Et in spiritum sanctum, dominum et vivifica-

torem, ex patre procedentem, cum patre et filio coadorandum, et conglorifi-

candum."

And that the more recent hand had altered the clause following the word

vivijicatorem, thus:

—

" qui ex patre filioque procedit, qui cum patre et filio simul coadoratur, et

conglorificatur
;"

—an altei'ation which brings it to the reading which has gradually gained ground

in the Western Church since the ninth century.

It is satisfactory to find that the date which we must assign to the interli-

neations and alterations made in the original MS., judging merely by the cha-

racter of the handwriting, is so fully confirmed by independent historical facts.

Here, however, it is necessary to make some remarks on the comparison

which Dr. O'Conor has suggested between the Stowe Missal and the Sacra-

mentary of Bobio, published by the learned Benedictines, Mabillon and Ger-

main, in their " Museum Italicum."f

"It is very remarkable" (says Dr. O'Conor) "that neither in the Bobio

• 0pp. (Ed. Bened.), torn. iii. part i. col. 197. But there are several other Collects in St.

Gregory's Sacramentary which begin with the words,—" Quccsumus omnipotens Deus" as the

Collect for Third Sunday in Lent; for Passion Sunday; and see also loc. cit., col. 193, 195.

t Museum Italicum, torn. i. part ii. p. 273, secj.
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MS., nor in the Stowe Missal (both Irish) is the celebrated addition ^/io^ue to

be found in the Creed."*

And again:

—

"We shall only briefly remark that, in the Irish [Missal], the descent of

our Saviour into hell is not in the Creed ; neither is it in the Irish Missal dis-

covered by Muratori at Bobio, though it is expressly mentioned in the Nicene

and Constantinopolitan."

This last statement is a singular tissue of blunders, arising apparently from

carelessness, for Dr. O'Conor could not have been ignorant that the article of

the descent into hell does not occur in the Nicene or Constantinopolitan Creed.

f

But this is not his only error, for this clause does occur in the Creed of the Bobio

Missal, as quoted by himself in another work. J In fact, the very reverse of the

foregoing statement is true; the descent into hell is in the Bobio Missal, although

it is not expressly mentioned in the Nicene and Constantinopolitan Creeds; and,

therefore, does not occur in the Stowe Missal for tliat very reason, because the

Creed there given is, in substance, the Nicene Creed, whereas that of the Bobio

MS. is founded rather upon the Apostles' Creed.

A more important fact, which Dr. O'Conor has omitted to notice, is, that

in the Stowe Missal the Creed is recited as a part of the Mass, whereas in the

Bobio MS. it does not so occur, as Mabillon has remarked:—"Nulla hie" (he

says) "mentio de Symbolo C. P. occurrit, quod fortasse tum in Missa Gallicana

haud recitaretur."|| The Creed, wliich is of course the Baptismal Creed, occurs

in a special service (used on Palm Sunday in the Gallican Church), which

in the Bobio Sacramentary is called vlcZ aurium apertionem** and in the "Missale

Gallicanum Vetus," published by M^iBiLLON in another work,ff " Expositio vel

traditio SymhoU"

* Append. No. I. p. 45.

t Another evidence of the carelessness with which the above paragraph was written is, that Dr.

O'Conor attributes the discovery of the Bobio MS. to Mubatoei, instead of to Mabillon.

\ Rer. Hib. Scriptt., torn, i., Epist. Nunc, p. cxxxvii.

I
Mus. Ital., ubi supra, p. 282. ** Ibid. p. 310 seq.

tt "De Liturgia Gallicana," lib. iii. p. 339. Isidorus Hispalensis tells us that this ceremony

took place on Palm Sunday:—"Hoc die (he says) Symbolum competentibus traditum propter

confinem Dominicse Pascha soUemnitatem: ut quia jam ad Dei gratiam percipiendam festinant,

fidem quam confiteantux agnoscant."

—

De Off. Ecdes., cap. xxvii. And the custom is enjoined by
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rhe fact that the Creed forms a part of the Office of the Mass in the Stowe

Missal is no argument against the high antiquity I have assigned to that MS.

For, although the Constantinopolitan Creed was not publicly sung at Rome
until the time of Leo III.,* and did not become fully established in the Mass

until the eleventh century, it is admitted by all that it was used in other

Churches. The third Council of Toledo, A. D. 589, enjoined:—"Ut per

omnes ecclesias Hispania3, vel Gallaicia), secundum formam orientalium eccle-

siarum Concilii Constantinopolitani, hoc est cl episcoporum, symbolum fidei

recitetur ; ut priusquam Dominica dicatur oratio, voce clara a populo decan-

the Synod of Agde, in Languedoc, held A. D. 506, Can. 13:—"Symbolum etiam placuit ab omni-

bus eoclesiis una die, i. e. ante octo dies Dominica; resurrectionis, publice in ecclesia competentibus

tradi." The coiiqietentcs were the catechumens wlio were deemed admissible to baptism, and

therefore, the Creed used was of course the Baptismal Creed.

* This is not the place to discuss the question of the introduction of the Constantinopolitan

Creed into the Roman Liturgy. But it is evident from the words of Berno, Abbot of Eeichenau,

that the custom had not fully established itself in his time, i. e. about A. D. 1014; for he tells us that

he himself was present when the Koman presbyters, being asked why they did not ohaunt the Creed,

answered, that the Roman Church, having never been infected with heresy, had not the same need

to chaunt the Creed frequently as other Churches: "AtDominus Imperator" (he adds, i.e. Henry

II.) "non ante desiit, quam omnium consensu id Domino Benedicto Apostolico" [i. e. Benedict

VIII.] " persuasit, ut ad publicam Missam illud [sc. symbolum] decantarent; sed utrum hanc

consuetudinem servent adbuc, afErmare non possumus, quia certum non tenemus."

—

De rebus ad

Missam pertinetitibus, cap. 2. {Biblioth. Patr. Lugd. tom. xviii., p. 58 A.) Maetene explains this by

saying that Berno is only speaking of the Creed being chaunted, and that it does not follow that it

was not said or read before that time {De S. Eccl. Bitibus, lib. i. c. 4, art. 5, n. 11); and he refers to the

conference between Leo III. and the messengers of Charlemagne, relative to the introduction of

JSioque into the Creed, A. D. 809, by which it appears that the same question was at that time agi-

tated, and the same distinction between reading and chauuting alluded to ; the custom of the Roman

Church being to read, and not to chaunt the Creed. For, the messengers having asked whether the

Pope had not himself given leave to have the Creed chaunted at Rome, and so adopted the usage of

other Churches, Leo answers:—"Ego licentiam dedi cantandi; non autem cantando quidpiam

addendi, minuendi seumutandi;" and shortly afterwards, "quod veroasseritis, ideovosita cantare,

quoniam alios in istis partibus vobis priores audistis cantasse, quid ad nos ? Nos enim id ipsum non

cantamus sed legimus: et legendo docere, nee tamen legendo aut docendo addere quidpiam eidem

symbolo inserendo praisumimus."

—

Collalio liomce Itabila, ap. Hardouin, Concil., tom. iv., col. 973.

But if the question was merely between reading and chaunting, the answer of the Roman Presby-

ters, reported by Berko, that the Roman Church was never infected with heresy, loses its point.

VOL. xxm. d
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tetur."* So that this Creed may very well be found in a liturgy of even much

earlier date.

In the Antiphonary of Bangor, published by MuEATOKif from a MS. in the

Milan Library, which is undoubtedly Irish, there occurs a Creed very similar

to that found in the Gallican Sacramentaries, and which, as it is founded on

the Baptismal Creed, was probably used in the same way for the instruction of

catechumens, not recited or chaunted in the Mass.

It remains to observe, that I cannot subscribe to Dr. O'Conob's opinion that

the Sacramentarium of Bobio, published byMABiLLON, was an Irish MS. The

specimen of its characters which Mabillon has given,J and which Dr. O'Conoe

has very incorrectly copied (Epist. Nunc, p. cxxx., Plate I., No. 1), is enough to

convince every one competent to give an opinion, notwithstanding Dr.

O'Conor's assertion to the contrary, that the writing does not belong to the

Scotic or Irish school ; and the entire absence of any allusion to the name of

an Irish saint ought at once to decide the question. Compare it in this respect

with the Stowe Missal and the Antiphonary of Bangor, both of which exhibit,

beyond the possibility of doubt, their Irish origin. It contains a " Missa S.

Sigismundi regis," i. e. St. Sigismund, King of the Burgundians (ob. 515), which

could scarcely be found in an Irish Missal, but most clearly indicates a Gallican

ritual ; nor does any allusion occur in it to Bobio, Columbaniis, or anything

that could even indirectly connect it with Ireland,§ except that in the " Judi-

cius penitentialis," with which the volume concludes, the 28th canon seems

to have been taken from the Mensura pixnitentiarum of the Irish St. Cummian.

But as this work was well known on the Continent of Europe, such a coin-

cidence is a slender foundation for the conclusion that the whole Missal is Irish.

The two passages are as follows;

—

• HarJouin, Concil., torn, iii., p. 479- This must mean, not that the custom of reciting the

Creed was adopted from the Eastern Churches, as Mabillon strangely understands it (Comment.

in Ord. Rom. in Mm. Ital, ii., p. xlii.), but that the Creed to be so recited was the form adopted

by the Eastern Churches at the Council of Constantinople of 150 Bishops; in other words, the

Constantinopolitan Creed.

t Opere {Arezzo, 1770), torn, .xi., part iii., pp. 217-2.51.

+ Museum Ital., vol. i., part ii.. p. 276. § See M.^billo.n's remarks, loc. cit., p. 276.
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The Bomo MS.

"xxviil. Si quis clericus postquam se Deo

Toverit, iterum ad seculuni reversus fuerit, vel

uxorem duxerit duodecim annos posniteat, sex

in pane et aqua, et numquam in conjugio co-

puletur. Quod si noluerint, sancta sedes apos-

tolica separavit cos a communione sanctorum.

Similiter et mulier postquam se Deo vovit, et

tale scelus admiserit, similiter facial."*

S. Cdmmian.

" Si clericus aut nionachus postquam se Deo

TOverit, ad sajcularera habitum iterum rever-

sus fuerit, aut uxorem duxerit, decem annis

poeniteat, tribus ex his in pane et aqua, et

nunquam postea in conjugio copuletur: quod

sinoluerit, sancta synodus, vel sedes apostolica

separavit eos a communione et convocationibus

Catholicorum. Similiter et mulier, postquam

secundo voverit, si tale scelus admiserit, pari

sententia; subjacebit."f

On the strength of this coincidence Dr. O'Conor builds the following ar-

gument for the Irish origin of the Missal of Bobio:

—

" Denique, Missale hoc Portatile S. Columbani Discipulis deberi, patet ex

Poenitentiale Hibernico ad ejus calcem apposito, in quo ipsa verba Poenitentia-

liuin Cumeani et Columbani occurrunt, ut Mabillonius ipse fatetur."J

Nothing can be more unfair than this statement. Assuming this Missal to

have been portatile (which does not appear), that fact is nothing to the pur-

pose. For although Dr. O'Conor shows, what is well known, that the Irish

ecclesiastics, after the Danish invasions in the ninth century, were driven to

take refuge on the Continent of Europe,§ and carried with them portable Missals,

it does not follow that every portable Missal must be Irish, or everj' Irish

Missal portable.

Again, he calls the Pcsnitentiale, at the end of the Bobio MS., " Posniten-

tiale Hiberuicum," which is an argument in a circle, as there is no reason to

suppose it Irish except the passage which he quotes to prove it so.

He tells us also that the very words ipsa verba, not of Curamian only, but

of Columbanus also, are adopted in the Bobio MS. :
—"Ipsa verba Poeniten-

tialium Cumiani et Columbani ;" giving his readers to understand that there

were two Peuitentials,—one of Cummian and one of Columbanus,—and that

both were quoted, even to their ipsa verba, in the Penitential of the Bobio

MS. But although it was certainly very important to Dr. O'Conor's conclu-

* Museum Ital. ut stipra, p. 393. Muratori, Liturg. Rom. Vet., torn. ii. p. &64.

t Fleming, Collect. Sacr., p. 200.

J Rer. Hib. Scriptt., torn. i. Epist. Nunc, p. cxxxviii. § Loc. cit., p. cxxxi

d2
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sion that Columbanus should be quoted, or in some way referred to in this MS.,

it unfortunately happens that no such document as the Poenitentiale of Colum-
bamis is known to have existed, unless his Regula Cosnohialis* be intended

;

nor is there anything to prove whether the Pcsnitentiale of Bobio has quoted

the ipsa verba of Cummian, or Cummian the ipsa verba of the Bobio MS.; or,

finally, whether both may not have copied from some common source, which
is the most probable supposition, when we see, from the foregoing comparison

of the two passages, that the i])sa verba have not in fact been quoted.

f

But Dr. O'CoNOE tells us that Mabillon himself confesses :
—"Mabillonius

ipse fatetur,"—and to prove this he cites in a note the following words of Ma-
billon: I give them exactly with the break in the middle, as Dr. O'CoNORhas
printed them:

—

" In fine etiam, quod rarissimum est, et poene singulare, habetur Liber Poe-

mVmffa^w, in quo multa scitu digna occurrunt quse,iisdem fere verbis,

reperies in Pcenitentiali Cummiani, editionis Lovaniensis anni 1667."

—

Ma-
billon, Muswi Ital, tom. i., p. 276 et 393.

"What would a reader suppose from this citation to have been the statement

of Mabillon? Certainly, that " multa scitu digna" are to be found " iisdem

fere verbis" in the Poenitentiale of Cummian. Yet Mabillon says nothing of

the sort. There are here two sentences separated by dots. In the first, which

occurs in his prefatory remarks, p. 276, Mabillon tells us that at the end of

the Missal there is a Liber Panitentialis (a thing of very rare occurrence), in

which are many things well worth knowing—" multa scitu digna.". The other

passage occurs in a note on page 393, after an interval of 117 pages. It is not

likely that after so much intervening matter the two passages could have been

intended as one. What Mabillon says in p. 393 is this:—"Hsec" [not quai\

iisdem fere verbis reperies," meaning by hwc, the words of Can. 28, which have

* Fleming, Collect. Sacra, p. 19. It is entitled, "Regula; cosnobialis fratrum, sive Liber de quo-

tidianis pcKnitentiis monacliorum."

t The extract above given from St. Cummian contains au enactment much less severe than tliat

of the Bobio Penitentiary ; and there are other additions which render it more probable that Cum-
mian quoted from the Bobio MS., or from some common authority, than that the Bobio MS.
copied from S. Cummian. If this be so, and if we assume that Cumraian's Penitentiary is an Irish

authority, it will prove that the Irish author borrowed from the Galilean, and not the Galilean

from the Irish.
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been given above in juxtaposition with the corresponding words of St. Cummian.
And this is the most cogent argument employed by Dr. O'CoNOR to prove the
Irish origin of the JBobio Missal

!

But he has also another argument. He tells us that the Missal was written
at the end of the sixth or beginning of the seventh century,—the very time in
which Columbanus wrote his fourth Epistle to Boniface, and that there is a
passage in that Epistle agreeing verbally with one in the Missal, and alluding
to the wars that desolated Italy at the time. I give these passages in parallel
columns:

—

CoLUMBANnS.

" Mundus jam declinat" [here a column and

a half of Fleming's page are omitted by Dr.

O'CoNOR without notice] "Dominus appropin-

quat, et prope jam in fine consistimus inter

tempora periculosa. Ecce conturbantur gen-

tes, inclinantur regna; ideo cito dabit vocem
suam Altissimus et movebitur terra."*

The Bobio Missal.

"Oremus Dominum, dilectissimi nobis, quia

amara nobis adveniunt tempora, et periculosi

adproximant anni. Mutantur regna, vocantur

gentes
: excidit caritas, exsurgit iniquitas : in-

crevit cupiditas : prsevaluit impietas."t

These are passages which exhibit no verbal agreement; they may have been
written by two different authors living at the same period, with reference to the

same events
; but they do not prove that either author had seen the other ; and,

therefore, in fact, prove nothing to Dr. O'Conor's purpose.

On the whole, I conclude that there is not the slightest reason to question

the decision of Mabillon, in which Muratori concurs: " Ordo miss® quern

subjicimus, haud dubie pertinet ad Liturgiam Gallicanam."J

It has already been remarked that the Stowe Missal contains no selection

of Epistles and Gospels for the Sundays and festivals of the year. This is not

surprising, as it was a Missale portatik, or Sacramentarium ; and the festal or

Dominican Epistles and Gospels, if they then existed, may have been contained

in a different book. But Dr. O'Conor, in noting this fact, makes the follow-

ing remark:

—

" Neither does St. Colunibanus's Missal, which was discovered in the monas-

• Fleming, Collect. Sacr., p. 140. f Mus. Ital., toe. cit., p. 371.

I Mus. ItaL, loc. cit.. p. 273. Muhatori, Liturg. Vet. Kom., tom. ii.
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tery of Bobio, a thousand years after his death, and is now in the Ambrosian

Library, contain the selections for the Sundays of the year."*

It is marvellous that such a statement could be made by any one who had

seen Mabillon's edition of the Bobio Missal, which contains Epistles and Gospels

for all the Sundays and festivals. I say nothing of the assumption that this is

" St. Columbanus's Missal," for which, as we have seen, there is not the smallest

evidence ; or of the assertion that it is now in the Ambrosian Library, which

was, perhaps, a slip of the memory, occasioned by confounding this MS. with

the Antiphonarium Benchormse, published by Muratoei.

We must now return to Dr. O'Conor's description of this MS.

He remarks correctly that in enumerating the orders of the hierarchy, three

only are mentioned in this Missal, viz., bishops, priests, and deacons,—" a proof,"

he says, " that it was written before the order of subdeacons was added in the

twelfth century."!

He tells us also that the ceremony of mixing water with the Eucharistic

wine is wholly omitted, as well as the prayers which now follow the Offertory

in the Roman Missal, the Lavabo, and the prayer, Suscipe, saneta Trinitas.

The festivals commemorated are the following:—(1.) " Nafale Domini
(Christmas-Day). (2.) "-Kl." (i.e. Circumcisio Domini,—the 1st of January).

(3.)
'' Stellce" (the Epiphany). (4.)

'' Dies natalis calicis Domini nostri" (i.e.

thefirstday of Lent). (5.)
'' Pasca" (Easter). (6.) ^'Clausula pascw" (Low

Sunday). (7.)
'' Ascensio' (Ascension Day); and (8.) '' Pentacoste" (sic).

" For these festivals," Dr. O'Conoe says, " there is but one common preface

;

nor is there any distinction save the inserting in that preface the name of each

festival as it occurs in the calendar."

" This part of the Service (as Dr. O'Conor goes on to notice) is in this Mis-

sal twice interrupted by rubrics in the Irish language, written in the more

modern hand, but without any interval between the words, thus:

—

ipunDcorecDijniiiTicopTTiaijinDmaiDpepquembepinaDiuDiDichall,

which Dr. O'Conor translates:

—

" Here the Dignum is to be chaunted, if the [words] per quern follow the

last [word] above [mentioned]."

* Stowe Cat., App. No. I., p. 45. f Stowe Catal., vol. i., App. No. I., p. 44.



The Rev. J. H. Todd on an Ancient Irish Missal. 31

Another similar rubric is as follows (correcting the typographical mistakes
in Dr. O'Conor's copy of it):

—

ipunDrocecDi5nuinropmi5inomaiDrcrberpnaDiuDiDichnll,

which he translates :
—

" Here the Dignum is to be chaunted, if the Sanctus follows the [words]
above."

But these translations are quite untenable ; nor are they intelligible. Di-.

O'CONOR offers no explanation, but leaves it to his readers to make sense of
them if they can. The true meaning of the first Rubric is as follows :—

"Here the Dignum receives the addition, li per quern follows in the text;"

and of the second

—

"Here the Dignum receives the addition, ii Sanctus follows in the text."

To explain this we have only to recollect, that after the response of the

people, "Dignum et justum est," the priest proceeds:

—

" Vere dignum et justum est roquum et salutare, nos tibi semper et ubique
gratias agere, Doniine sancte Pater, omnipotens, reterne Deus: per Christum Do-
minum nostrum.

" Per quem Majestatem tuam laudant angeli, &c.

"Cum quibus et nostras voces ut admitti jubeas deprecamur supplici con-

fessione dicentes, Sanctus, Sanctus, Sanctus, &c."

But on saints' days and festivals additions were made to the ordinary form
of this prayer (called in these rubrics, from its first words, the Dignum) before

the clause beginning Per quem, and before the Sanctus.

This fully explains the foregoing rubrics, which are intended to mark the

places where the priest is to introduce these proper prefaces, as the English

Liturgy calls them, in the Ordinary of the Mass.

The Te igitur is entitled, in a rubric of the later handwriting, " Canon
dominicus pape gilasi."

Dr. O'CoNOR, in the section of liis account of this MS. entitled "Remarkable
Differences in the Canon of both Missals" (i. e. of the old Irish and of the pre-

sent Roman Missal), quotes a passage from the Canon of the Irish Missal, which,

he says, shows that it was compiled before the total abolition of idolatry in

Ireland. In transcribing this passage he has omitted the word sed, but other-

wise he gives it correctly: it is as follows:

—
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" Hanc igitur oblationem servitutis nostree ecclesite sed et cunctas familiaj

tuEe quam tibi offerinius in honorem Domini nostri Jesu Christi, et in comme-

morationem beatorum Martirum tuorum, in hac ecclesia quam famulus tuus ad

honorem nominis glorise tus sedificavit, queesumus Domine ut placatus suscipias,

eumque atque omnem populum ab idulorum cultura eripias, et ad te Dominuni

patrem omnipotentem convertas."

Dr. O'CoNOR has not noticed the most remarkable peculiarity of this

prayer, namely, that it seems to refer to a particular church, and that it speaks of

the founder or builder of that church as still living, praying " that /te, as well

as all the people, may be delivered from the worship of idols:"—"in hac ecclesia

quam famulus tuus . . . adificavit ;" " eumque atque omnem populum ab

idulorum cultura eripias, et ad te Dominum Patrem omnipotentem convertas."

This is very singular. Are we to infer that the church alluded to was

built by a Pagan, who continued still in idolatry ?* If so, it is strange that he

should be styled, as he is here, a servant of God, " famulus Tuus." But what

seems most remarkable is that he must evidently have been living when

the prayer was composed: for " ab idulorum cultura eripias," and "ad

Te convertas," are petitions that could not well occur in a prayer for the

dead.

" The words of consecration," Dr. O'Conor adds, "follow those above men-

tioned, agreeing literally with the Roman, down to the Memento for the dead."

" But here," he says, " the Irish differs not only from the Roman, but from the

Galilean, German, Mozarabic, and all those that are mentioned by Martene,

Mabillon, Bona, and Renaudot." He gives the following extract correctly,

with the exception of two omissions, which I have inserted in brackets:

—

* There is a curious story in the Life of St. Euadhan of Lorrha, which, however, bears upou

the present subject only as showing that the supposition of an idolatrous chieftain building a

Christian church is not impossible. " Fuit vir pessimus in regione Midias, nomine Eighmea, qui

aliquando vicum Sancto MAo filio Brie, ut ibi cellam ledificaret, obtulit."—(Quoted by Colgan,

Append. 2da, ad Vit. Columbse, Part I., c. sxxix., p. 461.) This was St. Aedh Mac Brie, Bishop

of Killare, in Meath. The story goes on to say that the man died, and that his soul was seized

upon by the devils. St. Aedh, anxious to save him, invoked St. Euadhan and St. Columba,

both being then living, although absent, the one at Lnrrha. the other at Hy. The saints flew to

meet their brother St. Aedh, and all three fought the devils in the air, and delivered the captive

soul of the vir 2>essimus.
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"Memento etiam Domine et eorum nomina, qui nos pra3cesserunt cum
signo fidei, et dormiunt in somno pacis cum omnibus in toto mundo [offeren-

tibus] sacrificium spirituale Deo Patri et Filio et Spiritu sancto, Sanctis et

venerabilibus sacerdotibus offort senior noster .N. prsesbiter, pro se et pro suis,

et pro totius asclesie cetu catholice, et pro commemorando anatliletico gradu

venerabilium patriarcliarum, profetarum, apostolorura, et martyrum, et om-

nium quoque Scotorum,* ut pro nobis Dominum Deum nostrum recordare

dignentur

:

See Stefane, ora pro nobis

See Martine, o. p. nobis

See Hironime, o. p. nobis

See Augustine o. p. nobis

" See Grigori, See Hilari, See Patricii, See Ailbei, See Finnio, See Finnio,

SceCiarani [See Ciarani], See Brendini, See Brendini, See Columba, See Co-

lumba, See Comgilli, See Cainiclii, See Findbarri."

Here Dr. O'Conoe's extract stops. He adds:—"And so it proceeds, giving

the names of thirteen other saints, all Irish ; the latest of whom, Seneeha, died

before the middle of the seventh century." The names of these thirteen saints

are as follows:

—

" S. Nessan, S. Factne, S. Lugld, S. Lacten, S. Euadan, S. Cartheg, S.

Coemgen, S. Mochonna, S. Brigta (jsic), S. Ita, S. Scetha, S. Sinnech,

S. Samdine."

It will be observed that some names are repeated ; because there were two

saints of the name : as St. Finnio or Finnian, of Maghbile (ob. 579), and St.

Finnian of Cluan-u-aird [Clonard] (ob. 549); St. Ciaran of Saigher (said to

have been older than St. Patrick), and St. Ciaran of Clonmacnois (ob. 549);

St. Columba or Columbkille of Hy (ob. 595), and St. Columbanus (ob. 615)
;

St. Brendan of Clonfert (ob. 577), and St. Brendan of Birr (ob. 572).

Dr. O'CoNOK observes that the latest of these saints died before the middle

of the seventh century, which, however, is not quite correct, for St. Mochonna

* I have very little doubt that this word is a mistake in Dr. O'Conok's transcript, and that the

original must be scbrum, i. e. Sanctorum, not Scotorum. But I omitted to note whether or not it

was so, when I had the MS. before me.

VOL. xxiu. e
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died A. D. 704. He has, however, omitted to notice the fact that this Litany

is not in the original hand of the MS., but in the later handwriting, of which

I have several times spoken. The date, therefore, which is thus obtained

applies to all these additions, made, as we have seen, by one Maolcaich ; and,

as they must, therefore, be referred to the eighth century, they furnish a strong

additional evidence of the very high antiquity of the original Missal.

Dr. O'CoNOR proceeds to describe the contents of the MS. as follows :
—" The

Litanies are followed by the Agnus Dei, and then by a short prayer wliich is

ascribed to St. Ambrose : after which another commemoration begins of all the

principal saints of the Old Testament, followed by Apostles, Martyrs, &c., down
to St. Patrick. Forty-six others follow him, all Irish, the latest of whom is

St. Kevin, the founder of Glendaloch. So that here again is a second enumer-

ation of Irish worthies, terminating before the middle of the seventh page."

Here again Dr. O'Conor omits the fact that this second "enumeration of Irish

worthies" is also in the more recent hand, which is thus again referred to the

same period as before. Dr. O'Conor proceeds :

—

" The Missa Cotidiana is followed by the Missa apostolorum et martirum

et sanctorum et sanctarum virginum, Missa pro pcenitentibus vivis, Missa pro

mortuis."

I unfortunately neglected to note whether the " Missa pro mortuis" is in

the original or in the more modern hand—a matter of considerable interest, as

some would deem it an objection to the high antiquity of the original MS.,

that it contained such an Office.

At p. 70 the Missal terminates, and the Ordo Baptismi begins, giving the

rites and ceremonies of baptism, as practised in the ancient Irish Church, and

occupying 41 pages. At the end there are three or four pages more, contain-

ing a tract in very ancient Irish, of which Dr. O'Conor takes no notice. It is

probable that he found it difficult to read, as I confess I myself did also. But

I could very easily have transcribed it, and would have done so, if the noble

possessor of this most interesting relic of our Church would have consented.

It appeared to be a general explanation of the Mass, and, if it were made public,

it would, 1 have no doubt, be of great value, as establishing what the doctrine

of the Irish Church on the subject of the Eucharist at that early period was.
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For the same reason I omitted to transcribe the list of forty-six Irish saints,

which follows the prayer of St. Ambrose, as mentioned above.

For the history of the MS. before it came into the Stowe collection the

reader must be referred to Dr. O'Conoe's Appendix, p. 50, from which we
learn only that this venerable relic of the ancient Church of Ireland was found

in Germany, by the late John Grace, Esq., of Nenagh, formerly an officer in the

German service, who unfortunately died without leaving any memorandum
respecting the monastery or individual from whom he procured it.

In conclusion, I have to apologize to the Academy for laying before them

a paper in which I have had so often been obliged to reason from uncertain

data, and very imperfect materials. But the subject is one of such importance to

the history of the Church in Ireland, and to the history of the Missal of the

"Western Church, that I have ventured to submit to the Academy this very

unsatisfactory essay, in the hope of drawing the attention of the learned to a

literary relic of such inestimable value.

POSTSCRIPT.

I HAVE been permitted by the Council of the Eoyal Irish Academy to add

to the foregoing Paper a few additional remarks, in explanation or correction

of what has been said.

With respect to the name written in Ogham characters, I have observed

(p. 17) that, if it be read directly from left to right, it is Sonid ; but if we

take it in the opposite direction, it reads Dings.

I am much disposed to think the former to be the true reading, for the

reason there stated, because the words that follow, " Sa7ius sit qui scripserit et

cui scriptum est," seem plainly to allude to the name Sonid, which is probably

cognate with the word now written Sonadh, happy, prosperous, and rendered

Sanus, as being the nearest Latin word that occurred to the writer.

The reading Dings has been suggested by Dr. Graves ; and there is no

doubt that Ogham names are often so written from right to left,—a practice

common with Irish ecclesiastics, even in the use of ordinary letters, wlien they
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desired to conceal or mask a mystery. Thus, Mabillon notices a MS. which

he found at St. Gall, and which was, most probably, of Irish handwriting, as he

speaks of its containing certain "barbara vocabula," which had baffled all

attempts at interpretation. In this MS. there is an Epistle " Hi-abani Archi-

episcopi ad Heribaldum Alcedronensis ecclesise Episcopum," in which the

following passage occurs:

—

"Quod autem interrogasti, utrum AY9CYPAKYH postquam consumitur

et in secessum emittitur more aliorum ciborum iterum redeat in naturam pris-

tinam quam habuerat, antequam in altari consecraretur:"

—

Here the word written in Greek characters, read from right to left, is

HYKAPYCGYA, or Eucharistia, which the writer, for an obvious reason,

desired, in the connexion in which it stands, to write in an occult form.

The extract proceeds:

—

" Superflua est hujusmodi quEestio cum ipse Salvator dixerit in Evan-

gelic: Omne quod intrat in os, in ventrem vadit, et in secessum emittitur.

CAKPAMHN0Y ergo siroproc et siniugnas iud. ex rebus visibilibus et

corporalibus conficitur: sed invisibilem tam corporis quam animEe efficit

sanctificationem
."

In this passage the word in Greek characters is to be read from left to

right, Saceamentum; but the words following in Eoman characters are to be

read from right to left, so that the meaning is " Sacramentum corporis et san-

guinis dni [i. e. Domini]."

The remainder of this extract is as follows:

—

" Qua; est enim ratio, ut hoc quod stomacho digeritur, et in secessum emit-

titur, iterum in statum pristinum redeat, cum nullus hoc unquam fieri assuerit ?

Nam quidam nuper de ipso Sacramento corporis et sanguinis Domini non rite

sentientes dixerimt, hoc ipsum esse corpus et sanguinem Domini quod de

Maria Virgine natum est, et resurrexit de sepulcro. Cui errori, quantum

potuimus, ad Eigilum Abbatem scribentes de eroproc ospi quod vere creden-

dimi sit aperuimus."

Here the words " eroproc ospi" are to be read from right to left, corpore

ipso*

In the Ogham writing this additional mode of rendering it occult, by writ-

• See Mabillon, Vetei-a Analecta (Ed. nov.), Paris, 1723. Fol. p. 17.
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ing from right to left, has been frequently adopted, and Dr. Graves has
observed that a Greek termination os is very often found in proper names in

these inscriptions. He has hence inferred that in the present case Dinos
would be really Din, Dim, or Dimma, the same name as that of the writer of a

beautiful MS. of the Gospels of the seventh century, now in the Library of
Trinity College, Dublin; and it is remarkable that Dr. O'Conor's fac-simile of
the first page of the Gospel of St. John, in the Stowe MS., bears a striking

resemblance to the Dimma Gospels, both as to style of illumination and hand-
writing, so that it may very easily be supposed to have been by the same scribe.

In the Ogham inscriptions, however, names with the termination os are in

almost every instance genitive forms. But, in the case before us, Dinos, if we
read the name so, seems to be nominative, being followed by the adjective
" peregrinus." Nevertheless, we cannot lay much stress on this argument,
inasmuch as the word " peregrinus" ought, perhaps, in correct Latin, to be a

genitive. The words are:

—

" Kogo quicunque hunc librum legeris ut memineris mei peccatoris Scrip-

toris, i. e. Sonid [or Dinos] peregrinus."

Here it may be said that Sonid, or Dinos, may as well be a genitive in ap-

position with Scriptoris, as a nominative agreeing with peregrinus. But it is

more likely that the construction in the mind of the writer was " Ego Sonid,"

or " Dinos, peregrinus rogo."

On the whole, therefore, I am of opinion that the name written in Ogham
characters is Sonid, and not Dinos.

In page 19, mention has been made of what Dr. O'Conor calls "the anti-

phon Peccavimus ;" and he has given in one of the plates at the end of vol. ii.

of his "Rerum Hibernicarum Scriptores" a fac-simile of the page in which this

•' antiphon" commences. It is in the older or Lombardic character, and is as

follows:

—

"Peccavimus Domine, Peccavimus; parce peccatis nostris, et salva nos qui

gubernasti Noe super undas diluvi, exaudi nos qui lonam de abiso verbo

revocasti, libera nos qui Petro mergenti manum porrexisti, auxiliare nobis

Christe," &c.

In page 20, line 1, the reader is requested to read Luxeuil instead of Lisieux.

vol. xxiii. /
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